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This Supplemental Environmental Impact Statement (SEIS) has been prepared by the National 
Aeronautics and Space Administration (NASA) in accordance with the National Environmental 
Policy Act (NEPA) of 1969, as amended, to assist in the decision-making process for the Mars 
2020 mission. This SEIS provides information related to updates to the potential environmental 
impacts associated with the Mars 2020 mission as outlined in the Final Environmental Impact 
Statement for the Mars 2020 Mission (the ñ2014 FEISò) and associated NASA Record of 
Decision (ROD) issued in January 2015. The ROD identified Alternative 1 as the chosen 
alternative based on analysis presented in the 2014 FEIS. Alternative 1 involved deployment of 
a rover using a radioisotope power system to conduct scientific work on the Mars surface. 

The environmental analysis presented in the 2014 FEIS was based on the best available 
information on mission-specific parameters and candidate expendable launch vehicles. 

Since publication of the 2014 FEIS and issuance of the ROD in 2015, NASA has actively 
advanced the mission. Investments have been made that constitute irrevocable commitment of 
funds, resources, and decisions, including the Mars 2020 rover and payload design, power 
system fueling, Mars landing site selection, selection of the launch vehicle, and selection of the 
launch period. Additionally, NASA and DOE have completed a more detailed risk analysis that 
incorporates new and updated information, which affected the risk estimate results as compared 
to what was presented in the 2014 FEIS. Based on the new and updated information associated 
with postulated launch vehicle accident scenarios, NASA determined that the purposes of NEPA 
will be furthered by conducting this additional environmental analysis and documentation. 

This SEIS therefore 1) identifies substantive changes in the affected environment since the 
November 2014 FEIS, to include important regulatory and/or physical changes to resources 
within the affected environment, and 2) analyzes potential radiological impacts to the updated 
affected environment associated with launch vehicleïrelated accidents. 
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1. PURPOSE AND NEED FOR THE ACTION 

This Supplemental Environmental Impact Statement (SEIS) has been prepared by the 

National Aeronautics and Space Administration (NASA) and its cooperating agencies, 

the United States (U.S.) Department of Energy (DOE) and U.S. Air Force (USAF), to 

assist in the decision-making process as required by the National Environmental Policy 

Act of 1969, as amended (NEPA) (42 United States Code [U.S.C.] 4321 et seq.); 

Executive Order (EO) 12114, Environmental Effects Abroad of Major Federal Actions; 

Council on Environmental Quality (CEQ) regulations (40 Code of Federal Regulations 

[CFR] parts 1500ï1508); and NASA policies and procedures at 14 CFR 1216. This is a 

Tier 2 mission-specific document under NASAôs Final Programmatic Environmental 

Impact Statement for the Mars Exploration Program (NASA 2005). 

This SEIS provides information related to updates to the potential environmental 

impacts associated with preparing for and launching the Mars 2020 mission as outlined 

in the Final Environmental Impact Statement for the Mars 2020 Mission (the ñ2014 

FEISò) (NASA 2014) and associated Record of Decision (ROD) issued in January 2015 

(NASA 2015).  

The DOEôs cooperating agency role stems from its responsibility in developing and 

producing special nuclear material and nuclear power systems used by NASA. The 

USAF, 45th Space Wing, Patrick Air Force Base (AFB), Florida, operates the Eastern 

Range, which includes NASAôs Kennedy Space Center (KSC) and USAFôs Cape 

Canaveral Air Force Station (CCAFS). The USAF serves as a cooperating agency due 

to their jurisdictional authority over the CCAFS launch site and range safety for the Mars 

2020 mission, as well as their staffôs technical expertise in launch operations and launch 

vehicle accident response.  

1.1 BACKGROUND 

NASA completed the 2014 FEIS in support of the Mars 2020 mission. The Proposed 

Action, as described in the 2014 FEIS, would employ scientific instrumentation to seek 

signs of past life in situ, select and store a compelling suite of samples in a returnable 

cache, and demonstrate technologies for future robotic and human exploration of Mars. 

The Mars 2020 spacecraft would deliver a large, mobile science laboratory (known as a 

ñroverò) with advanced instrumentation to a scientifically interesting location on the 

surface of Mars in February 2021.  

The 2014 FEIS identified reasonable alternatives to implement the Proposed Action that 

would meet the underlying purpose and need for the Mars 2020 mission. It also 

described the potential environmental impacts from the launch of the mission payload 

onboard an expendable launch vehicle (ELV) from either KSC or CCAFS. Those 

alternatives were:  

¶ Proposed Action (Alternative 1) (NASAôs Preferred Alternative): NASA 

proposed to continue preparations for and implement the Mars 2020 mission to 
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the surface of Mars. The proposed Mars 2020 spacecraft would be launched 

onboard an ELV from KSC or CCAFS, Brevard County, Florida, during a 20-day 

launch opportunity that runs from July through August 2020 and inserted into a 

trajectory toward Mars. Should the mission be delayed, the proposed Mars 2020 

mission would launch during the next available launch opportunity in August 

through September 2022. The rover proposed for the Mars 2020 mission would 

use a Multi-Mission Radioisotope Thermoelectric Generator (MMRTG) to 

continually provide heat and electrical power to the roverôs battery so that the 

rover could operate and conduct scientific work on the planetôs surface. 

¶ Alternative 2: Under this alternative, NASA would discontinue preparations for 

the Proposed Action (Alternative 1) and implement a different power system for 

the Mars rover. The rover would use solar power to operate instead of a 

MMRTG. The spacecraft would still be launched onboard an ELV from KSC or 

CCAFS, Brevard County, Florida, during a 20-day launch opportunity that runs 

from July through August 2020 and inserted into a trajectory toward Mars. As 

with Alternative 1, should the mission be delayed, the proposed Mars 2020 

mission would launch during the next available opportunity in August through 

September 2022. 

¶ Alternative 3: Under this alternative, NASA would discontinue preparations for 

the Proposed Action (Alternative 1) and implement an alternative power and 

heating system for the Mars 2020 mission to Mars. Like Alternative 2, the rover 

would use solar power as its source of electricity. But in addition, the rover would 

use heat output from Light-Weight Radioisotope Heater Units (LWRHUs) to help 

keep its onboard systems at proper operating temperatures. The Mars 2020 

spacecraft would still be launched onboard an ELV from KSC or CCAFS, Brevard 

County, Florida, during a 20-day launch opportunity from July through August 

2020 in a trajectory toward Mars. Should the mission be delayed, the Mars 2020 

mission would launch during the next available opportunity in August through 

September 2022. 

¶ No Action Alternative: Under this alternative, NASA would discontinue 

preparations for the Mars 2020 mission and would not launch the spacecraft. 

Analysis presented in the 2014 FEIS focused on environmental impacts from a normal 

launch and potential launch vehicle accidents. The potential for launch vehicleïrelated 

accidents was estimated to be unlikely. Analysis was conducted to determine the extent 

of potential environmental impacts from 1) a catastrophic launch vehicle accident 

resulting in release of nuclear material (should the roverôs MMRTG become damaged) 

and 2) a launch vehicle accident that does not release nuclear material (provided the 

roverôs MMRTG was not damaged).  

The environmental analysis presented in the 2014 FEIS (NASA 2014) was based on 

DOEôs Nuclear Risk Assessment for the Mars 2020 Mission Environmental Impact 

Statement (SNL 2014) (ñthe 2014 NRAò). The 2014 NRA was based on mission-specific 

parameters and ELV estimates that NASA provided to DOE in 2013 and the best 
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available information on how radiological material could be released and transported in 

an accident. 

In January 2015, NASA issued a ROD that identified Alternative 1 as the chosen 

alternative based on analysis presented in the 2014 FEIS. Alternative 1 was chosen 

because it would enable the best return of scientific and technical information and make 

the most effective use of fiscal, human, and material resources. Alternatives 2 and 3 

were not selected because, under these alternatives, the solar-powered rover would not 

be capable of performing all the science experiments planned for a full Mars year at 

certain latitudes. The solar-powered rover cannot generate sufficient power at extreme 

cold temperatures. 

Updates and Changes to the Action Since 2014 

Since publication of the 2014 FEIS and issuance of the ROD in 2015, NASA has made 

investments of time and money that are irrevocable as well as decisions that cannot be 

reversed. These include: 

¶ Mars 2020 rover and payload design: Based on the 2015 ROD to implement 

Alternative 1, NASA designed the rover and scientific payload (including 

instrumentation) to use an MMRTG. As a result, the solar options under 

Alternatives 2 and 3 are no longer viable. NASA has committed irrevocable 

resources in this regard, including proceeding with the MMRTG fueling process. 

¶ Mars landing site selection: Based on the 2015 ROD to implement Alternative 

1, NASA selected the landing site based on the use of an MMRTG. In November 

2018, NASA identified the Jezero Crater as the Mars rover landing site. As a 

result, this further limits rover design options because, under Alternative 2, the 

rover could not operate during most of the spring and summer (about 50 to 

55 percent of the operational lifetime compared to the MMRTG), and under 

Alternative 3, the rover could not operate for part of the summer (about 

60 percent of the operational lifetime compared to the MMRTG). 

¶ Selection of launch vehicle: The 2014 FEIS analyzed the potential impacts 

associated with use of three different ELVs: the Atlas V, the Delta IV, and Falcon 

Heavy. Since the 2015 ROD, NASA selected the Atlas V as the ELV. As a result, 

the mission will launch from SLC-41 at CCAFS because it is the only location that 

can support the Atlas V ELV. 

¶ Launch period: NASA has identified the launch period to begin as early as July 

17, 2020, and end in mid-August 2020. If the launch does not occur during this 

launch period, the alternate launch period of 2022 presented in the 2014 FEIS 

would apply. 

The potential environmental impacts associated with normal launches or launch-related 

accidents that do not result in release of nuclear materials, as described in the FEIS, 

have not changed.  
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Since the 2015 ROD, NASA and DOE have completed a more detailed analysis of the 

risks associated with launch accident scenarios that do result in the release of nuclear 

material (as described in Section 4.7 of the 2014 FEIS and explained below). The 

potential for launch vehicleïrelated accidents remains unlikely. The DOEôs Nuclear Risk 

Assessment 2019 Update for the Mars 2020 Mission Environmental Impact Statement 

(the ñ2019 NRA Updateò) reflects new and updated information and presents the risk 

estimate results as compared to the 2014 NRA used for the 2014 FEIS. Based on the 

new and updated information associated with postulated launch vehicle accident 

scenarios resulting in potential release of nuclear materials, NASA determined that the 

purposes of NEPA will be furthered by conducting this additional environmental analysis 

and documentation. The new information that drove the different results includes: 

¶ new knowledge gained about how the MMRTG is affected by accident scenarios; 

¶ updated analytical models and computer simulation input parameters, informed 

by best available knowledge as well as lessons learned from other missions; and 

¶ updates to account for specific design features of the selected launch vehicle. 

The analysis showed that the most likely outcome is a successful launch of the 

spacecraft toward Mars. If the launch is unsuccessful (about a 1.25 percent probability), 

the most probable outcome is an accident without a release of radioactive material. In 

the unlikely event an accident does result in release of radioactive material, the 

probability and extent of potential consequences have increased since the 2014 FEIS 

and 2015 ROD, as described in Section 2.4.3 (Environmental Impacts of Potential 

Launch Accident with Radiological Release); however, the overall probability of a 

release of radiological material remains small.  

The recently published National Security Presidential Memorandum #20 (NSPM-20) 
(2019) on the Launch of Spacecraft Containing Space Nuclear Systems requires that 
Federal agencies sponsoring a launch of space nuclear systems ensure compliance 
with requirements under NEPA. Separately, but related to the NEPA processes, the 
nuclear launch authorization process provides a rigorous, risk-informed safety analysis 
to ensure that public safety is adequately maintained. NSPM-20 updates the 
authorization process for launches of spacecraft containing space nuclear systems and 
includes safety guidelines focused on the maximum individual dose that are consistent 
with other regulatory structures employed throughout the U.S. government. The overall 
results presented in the 2019 NRA Update are within the established NSPM-20 safety 
guidelines for launch of spacecraft containing nuclear systems. 

Updates and New Information Incorporated in the 2019 Risk Analysis 

In March 2016, NASA initiated the nuclear safety review process required for launch 
authorization, in compliance with Presidential/National Security Council directives. As 
part of this process, DOE prepared a nuclear safety analysis that includes a complete, 
detailed risk analysis. This risk analysis followed procedures and used techniques 
similar to those used in risk analyses performed for earlier NASA missions using 
radioisotope devices. An Interagency Nuclear Safety Review Panel (INSRP) was 
formed to evaluate the nuclear safety analysis. The panel consisted of representatives 
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from NASA, DOE, the Department of Defense, the Environmental Protection Agency 
(EPA), and the Nuclear Regulatory Commission. The DOEôs 2019 NRA Update 
documents the results and methodology of the safety analysis conducted under this 
process (SNL 2019). 

Improvements to the modeling for the 2019 NRA Update are based on prior INSRP 

Safety Evaluation Report recommendations for the 2011 Mars Science Laboratory 

mission, NASA and DOE safety testing program data, and the Mars 2020 INSRP 

recommendations. The new model includes the most relevant information, which 

accounts for a better understanding of how the MMRTGôs iridium cladding responds to 

impact forces in accident conditions (see Section 2.1.3, Rover Electrical Power, for 

more detail on the iridium cladding within the MMRTGôs general purpose heat source).  

The updated safety analysis accounts for the specific design features of the Mars 2020 
Atlas V 541 launch vehicle that was selected on August 25, 2016, after the 2014 FEIS 
ROD was issued (January 27, 2015). It incorporates current mission launch parameters 
as well as lessons learned and modeling data updates derived from previous missions, 
updated analytical models, and computer simulation input parameters, including: 

¶ Solid propellant fragmentation and trajectory information: 

o The solid propellant fragment model has been updated since the 2014 FEIS. 
The new fragmentation model used for this SEIS generates fragments with 
higher speeds that travel farther than in the previous model.  

o To model solid propellant fragment velocities in the early launch phase, the 
force imparted to the solid propellant fragments due to the common core 
explosion was incorporated, compared to its exclusion from the previous 
analysis for the Mars Science Laboratory mission conducted in 2011. 

¶ Plutonium release model: 

o The plutonium release model was updated to incorporate the module and 
iridium cladding response to impact forces, as well as to better capture the 
material release statistics, compared to the 2014 FEIS (see the fuel clad 
discussion in Section 2.1.3 of the FEIS and Section 3.5.2.2.3, MMRTG 
Response to Accident Environments, in this SEIS).  

¶ Potential debris impact area: 

o In the presence of the new crew tower, the potential debris impact area has 
changed since the 2014 FEIS. 

¶ Blast model information: 

o The solid propellant blast model was updated, using test information and new 
analysis since the 2014 FEIS. 

¶ Solid propellant fire: 

o The solid propellant fire model was updated since the 2014 FEIS, using 
recent multi-year test data and analysis models. For example, the maximum 
flame temperature is lower and the aluminum agglomerate size distribution is 
revised. 
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¶ Atmospheric transport modeling, weather data, propellant plume rise, and the 
particle tracking in plumes, including: 

o Incorporating the international standard 4D Lagrangian particle tracking 
model jointly developed by the National Oceanic and Atmospheric 
Administration (NOAA) and the Australian Meteorological Service; 

o Using updated gridded meteorological data for all possible release locations, 
elevations, and particle sizes, versus global means based on sparse 
observations that were used previously; 

o Performing complex dispersion and deposition simulations based on a proven 
dispersion model rather than the previous curve fits to limited data.  

¶ Health effects modeling changes, including: 

o Age-specific dose and risk calculation improvements; 

o Health effects calculations, using specific risk coefficients for plutonium-238 
and exposure pathways; and 

o Use of region-specific crop information.  

The analysis conservatively assumes no mitigation actions, such as sheltering and 
keeping people out of potentially affected land areas.  

Relationship Between the 2014 FEIS and This SEIS 

This SEIS serves to address the potential environmental impacts associated with the 
updated mission risk presented in the 2019 NRA Update. Because other mission 
parameters have not changed since the 2015 ROD and were previously analyzed in the 
2014 FEIS (e.g., use of CCAFS as a launch site), this SEIS does not address potential 
impacts associated with normal launch activities or launch vehicleïrelated accidents 
that do not result in the release of nuclear material. As a result, the analysis of potential 
impacts conducted in the 2014 FEIS associated with these activities is incorporated 
throughout the SEIS. 

This SEIS does not address Alternatives 2 or 3 as presented in the 2014 FEIS. NASA 
has made the decision, as documented in the 2015 ROD, to proceed with Alternative 1, 
including use of the MMRTG power system on the Mars rover. 

Therefore, this SEIS addresses the Proposed Action (which is Alternative 1 as defined in 
the 2014 FEIS and 2015 ROD) as well as a No Action Alternative as required by NEPA. 

Consequently, this SEIS is intended to: 

¶ Identify changes in the affected environment since the November 2014 FEIS, to 
include any regulatory and/or physical changes to resources within the affected 
environment. The affected environment, or region of influence (ROI), consists of 
counties with areas within 100 kilometers (km) (62 miles [mi]) of Space Launch 
Complex 41 (SLC-41) located in the northernmost section of CCAFS, Brevard 
County, Florida. The counties that lie within the ROI include Brevard, Indian 
River, Orange, Osceola, Seminole, and Volusia and small portions of Flagler, 
Lake, and Polk Counties. These counties were identified as part of the affected 
environment in the 2014 FEIS and are shown in Figure 1.1-1. 
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Figure 1.1-1. 2020 SEIS Region of Influence 
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¶ Analyze potential radiological impacts to the updated affected environment 
associated with launch vehicleïrelated accidents that result in a release of 
nuclear material. 

Throughout this document, where information from the 2014 FEIS is incorporated by 

reference, specific sections of the 2014 FEIS are identified for simplified 

cross-referencing. 

1.2 PURPOSE OF THE ACTION 

The purpose of the Mars 2020 mission has not changed since the 2014 FEIS (see 
Section 1.2 of the 2014 FEIS). 

The purpose of this SEIS is to address potential radiological impacts associated with 
launch vehicleïrelated accidents that result in radiological releases from implementation 
of Alternative 1 as defined in the 2015 ROD for the Mars 2020 mission. 

1.3 NEED FOR THE ACTION 

The need for the Mars 2020 mission has not changed since the 2014 FEIS (see 
Section 1.3 of the 2014 FEIS). 

1.4 NEPA PLANNING AND SCOPING ACTIVITIES 

2014 FEIS 

The NEPA planning and scoping activities for the 2014 FEIS are described in 
Section 1.4 of the 2014 FEIS. 

2020 SEIS 

Title 40 CFR 1502.9 (c)(4) does not require scoping for an SEIS. However, in order to 
inform the public, NASA did publish a Notice of Intent to conduct this SEIS in the 
Federal Register on September 26, 2019 (84 Federal Register [FR] 50860). No formal 
scoping process or scoping meetings were conducted for this SEIS. 

1.5 RESULTS OF PUBLIC REVIEW OF THE EIS 

2014 FEIS 

The public review process for the 2014 FEIS is described in Section 1.5 of the 2014 
FEIS. 

2020 SEIS 

NASA published a Notice of Availability (NOA) for this SEIS in the Federal Register on 
October 25, 2019, as well as advertisements in local newspapers notifying the local 
community of the availability of the SEIS and the time and location of public meetings. 
NASA held two public meetings with an open house and formal comment session on 
November 13 and 14, 2019, and a virtual public meeting on November 15, 2019. 
Members of the NASA Mars 2020 NEPA team presented information about the mission 
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and the NEPA process. During the virtual meeting, members of the public were able to 
ask questions about the mission and the Draft SEIS and provide comments on the Draft 
SEIS through a live-streaming chat. 

The Draft SEIS was made available for public and agency review for 45 calendar days. 
The public review and comment period closed on December 10, 2019. NASA received 
three sets of comments, two by e-mail (by members of the public) and one via U.S. mail 
(from the EPA). NASA also received two requests for additional information (reference 
materials) from one individual.  During the meetings on November 13ï15, 2019, no 
comments regarding the scope of the Draft SEIS, the alternatives considered, or the 
environmental impact analyses were received.  

All comments were reviewed and considered in preparation of this Final SEIS. Of the 
three sets of comments received, one included an objection to the mission in general, 
associated with the use of radioactive material, and one stated that the cumulative 
impact analysis of land use impacts in the event of a release of radioactive materials 
was inadequate. The EPA indicated in its submittal that it had no concerns with the 
Proposed Action.  Copies of the NOA and advertisements, as well as all comment 
submissions received by NASA during the Draft SEIS public comment period can be 
found in Appendix B (Draft SEIS Public Review and Agency Consultation) of this Final 
SEIS, together with NASAôs responses to the specific comments. 

Chapter 7 provides a more detailed discussion of the public involvement process for this 
SEIS. 

1.6 CHANGES TO THE DRAFT SEIS 

There were no substantive changes to the SEIS between the Draft and Final stages. 
Changes to the SEIS between the Draft and Final stages were administrative in nature 
(updating information regarding the public review process, etc.). None of the comments 
received during the Draft SEIS review period required any revisions or updates to the 
SEIS.   
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2. DESCRIPTION AND COMPARISON OF ALTERNATIVES 

This section provides a description and comparison of the Proposed Action and No 
Action Alternative presented in the 2014 FEIS (Sections 2.1 and 2.4, respectively, in the 
2014 FEIS) versus the Proposed Action and No Action Alternative as updated since the 
2015 ROD was signed. 

As discussed in Section 1.1 (Background) of this SEIS, Alternatives 2 and 3 described 
in the 2014 FEIS are not addressed in this SEIS because the decision to proceed with 
Alternative 1 was documented in the 2015 ROD. As a result, NASA has made 
significant irrevocable progress toward advancing the Mars 2020 mission utilizing the 
MMRTG. 

Additional information regarding the baseline operational capabilities for the Mars 2020 
mission can be found in the introductory section of Chapter 2 of the 2014 FEIS. 

The No Action Alternative addressed in this SEIS is the same as that described in 
Section 2.4 of the 2014 FEIS. NASA would discontinue preparations for any Mars 2020 
mission, and the spacecraft would not be launched.  

Additional information regarding the Proposed Action addressed in this SEIS is provided 
below in Section 2.1 (Description of the Proposed Action). 

2.1 DESCRIPTION OF THE PROPOSED ACTION 

2.1.1 Mission Description 

The description of the Mars 2020 mission is generally the same as that presented in the 
2014 FEIS. The subsections below describe the mission according to the 2014 FEIS 
and the mission as updated since issuance of the 2015 ROD. 

2014 FEIS 

As described in the 2014 FEIS, the Mars 2020 spacecraft would be launched from KSC 
or CCAFS onboard an Atlas V, Delta IV, or Falcon Heavy class of ELVs. The launch 
would occur within an approximate 20-day launch period, opening in July 2020 and 
closing in August 2020.  

2020 SEIS 

After signing the 2015 ROD, NASA selected the Atlas V as the ELV. Therefore, 
because KSC cannot support the Atlas V, the launch site would be CCAFS, previously 
assessed as part of the 2014 FEIS. Additionally, NASA has narrowed the launch period 
from summer 2020, as described in the 2014 FEIS, to an approximate 20-day launch 
period, opening in July 2020 and closing in August 2020.  

2.1.2 Spacecraft Description 

The description of the spacecraft presented in Section 2.1.2 of the 2014 FEIS has not 
substantively changed since issuance of the 2015 ROD. There was an addition of a 
small robotic helicopter technology demonstration as a secondary payload on the rover. 
This addition was accounted for in the risk analysis presented in the 2019 NRA Update. 
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2.1.3 Rover Electrical Power 

The description of the roverôs electrical power system (the MMRTG) is the same as 

presented in Section 2.1.3 of the 2014 FEIS.  Updated analytical models, new testing 

information, updated computer simulation input parameters, and lessons learned from 

other missions resulted in a revised understanding of the MMRTG response to 

accidents (see Section 3.5.2.2.3, MMRTG Response to Accident Environments). 

2.1.4 Operational Considerations 

Operational considerations are the same as described in Section 2.1.4 of the 2014 FEIS 

and have not changed since issuance of the 2015 ROD. 

2.1.5 Spacecraft Processing 

The subsections below describe spacecraft processing according to the 2014 FEIS and 

as updated since issuance of the 2015 ROD. 

2014 FEIS 

As described in the 2014 FEIS, the spacecraft would be inspected and comprehensive 

tests would be performed, including flight and mission simulations. DOE would deliver 

the MMRTG to a KSC storage facility. Once the spacecraft tests are completed, the 

MMRTG would be moved to the Payload Hazardous Servicing Facility, where it would 

be fitted to the rover for a pre-flight systems check. After completing these checks, the 

MMRTG would be returned to storage. The spacecraft would then be fueled with a total 

of about 460 kilograms (1,014 pounds) of hydrazine (SNL 2014), the currently estimated 

propellant load capability for the cruise stage and descent stage. 

After a systems check and other tests, the spacecraft would be enclosed within the 

launch vehicle payload fairing (PLF), and the PLF, containing the spacecraft, would then 

be transported from the Payload Hazardous Servicing Facility to the launch complex at 

KSC or CCAFS and attached to the vehicleôs second stage. 

2020 SEIS 

Because NASA has now identified CCAFS as the launch site, the PLF would be 

transported to the launch complex at CCAFS. All other aspects of spacecraft processing 

would be the same as described in Section 2.1.5 of the 2014 FEIS. 

2.1.6 Representative Launch Vehicle Configurations for the Mars 2020 Mission 

The subsections below describe representative launch vehicle configurations for the 

Mars 2020 mission according to the 2014 FEIS and as updated since issuance of the 

2015 ROD. 

2014 FEIS 

The evaluations of potential environmental consequences for the 2014 FEIS were 

prepared before NASA selected the launch vehicle for the Mars 2020 mission. The 

evaluations were based upon representative configurations of the Atlas V and Delta IV 
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class vehicles (the Delta IV class vehicle representing the liquid-fueled Delta IV and 

Falcon Heavy launch vehicles) that would have the performance capabilities necessary 

for the mission.  

The Space Launch Complex (SLC) that supports the Atlas V vehicle is SLC-41, which is 

located in the northernmost section of CCAFS. The launch complex consists of a launch 

pad, an umbilical mast, propellant and water storage areas, an exhaust flume, catch 

basins, security services, fences, support buildings, and facilities necessary to prepare, 

service, and launch Atlas V vehicles (NASA 2014). 

Security at SLC-41 is ensured by a perimeter fence, guards, and restricted access. 

Since all operations in the launch complex would involve or would be conducted in the 

vicinity of liquid or solid propellants and explosive devices, the number of personnel 

permitted in the area, safety clothing to be worn, the type of activity permitted, and 

equipment allowed would be strictly regulated. The airspace over the launch complex 

would be restricted at the time of launch. 

2020 SEIS 

NASA selected the Atlas V launch vehicle in August 2016, after completing the ROD in 

2015. Descriptions of the Delta IV and Falcon Heavy launch vehicles as presented in 

Section 2.1.6.2 and 2.1.6.3 of the 2014 FEIS, respectively, are no longer applicable to 

the Proposed Action. A description of the Atlas V launch vehicle is provided in 

Section 2.1.6.1 and associated subsections of the 2014 FEIS. Since the 2014 FEIS, the 

Atlas V 541 vehicle has undergone evolutionary changes that include the avionics and 

second stage engine. The models for launch vehicle accident probabilities and accident 

environments have been updated to account for all modifications. 

As described in the 2014 FEIS, the launch site that supports the Atlas V ELV is CCAFS 

SLC-41. SLC-41 has undergone changes to support Vulcan and Commercial Crew 

since the 2014 FEIS. These changes include the addition of a crew access tower, 

ground storage propellant tanks and associated infrastructure. 

2.1.6.1 Flight Termination System 

The flight termination system is the same as described Section 2.1.6.4 of the 2014 

FEIS.  

2.1.6.2 Range Safety Considerations 

Range safety considerations at CCAFS are the same as those described in 

Section 2.1.6.5 of the 2014 FEIS.  

2.1.6.3 Electromagnetic Environment 

The electromagnetic environment is the same as described in Section 2.1.6.6 of the 

2014 FEIS. 
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2.1.7 Radiological Contingency Response Planning 

2014 FEIS 

The 2014 FEIS addressed general radiological contingency response planning as well 
as specifics for CCAFS, KSC, the city of Cape Canaveral, and Brevard County. 
Additionally, the 2014 FEIS addressed radiological contingency response planning for 
accidents outside the jurisdiction of the United States. 

2020 SEIS 

Radiological contingency response planning would include coordination with appropriate 
agencies in the following locations: CCAFS, KSC, the city of Cape Canaveral, and 
Brevard, Indian River, Orange, Osceola, Seminole, Volusia, Flagler, Lake, and Polk 

Counties. Additionally, this SEIS addresses radiological contingency response planning 
for accidents outside the jurisdiction of the United States. 

2.2 DESCRIPTION OF THE NO ACTION ALTERNATIVE 

The No Action Alternative within the context of this SEIS would be the same as that 
described in Section 2.4 of the 2014 FEIS. NASA would discontinue preparations for the 
Mars 2020 mission.  

2.3 ALTERNATIVES CONSIDERED BUT NOT EVALUATED FURTHER 

There are no alternatives considered but not evaluated further in this SEIS; the purpose 
of this SEIS is to address changes in the Proposed Action since issuance of the ROD in 
2015. 

Alternatives previously considered but not evaluated further are described in Section 2.5 
of the 2014 FEIS.  

2.4 SUMMARY OF ENVIRONMENTAL IMPACTS FROM THE PROPOSED ACTION 
ï 2014 VS. 2020 

This section summarizes potential environmental impacts associated with the Proposed 
Action identified in the 2014 FEIS as compared to the potential environmental impacts 
associated with the Proposed Action identified in this SEIS. 

A comparison of alternatives previously analyzed (i.e., Alternatives 2 and 3) can be 
found in Section 2.6 of the 2014 FEIS. However, as stated previously, this SEIS only 
addresses the Proposed Action and the No Action Alternative.  

2.4.1 Environmental Impacts of a Normal Launch 

Proposed Action ï The potential impacts associated with a normal launch would be 
the same as those described in Sections 2.6.2.1 and 4.1.2 of the 2014 FEIS. Updates to 
the Proposed Action as described in Chapters 1 and 2 of this SEIS would not result in 
any new or additional impacts from those identified in the 2014 FEIS. 
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No Action Alternative ï As in the 2014 FEIS, under the No Action Alternative, a launch 
would not occur. Therefore, there would be no impacts associated with the No Action 
Alternative. 

2.4.2 Environmental Impacts of Potential Launch Accident with No Radiological 
Release  

Proposed Action ï The potential non-radiological impacts associated with launch 

accidents would be the same as those described in Sections 2.6.2.2 and 4.1.3 of the 

2014 FEIS. Updates to the Proposed Action as described in Chapters 1 and 2 of this 

SEIS would not result in any new or additional impacts from those identified in the 2014 

FEIS. 

No Action Alternative ï As in the 2014 FEIS, under the No Action Alternative, a launch 
would not occur. Therefore, there would be no impacts associated with the No Action 
Alternative. 

2.4.3 Environmental Impacts of Potential Launch Accident with Radiological Release 

This section presents a comparison of the potential launch-related probabilities and 

impacts as presented in the 2014 FEIS versus those probabilities and impacts identified 

in this SEIS. More detailed information on the risk assessment methodology can be 

found in Section 4.1.4 of the 2014 FEIS. 

Table 2.4-1 presents a summary comparison of launch-related probabilities for the 

Proposed Action from the 2014 FEIS versus this SEIS (rounded to a one-tenth 

percentage point). For the 2014 FEIS, the launch vehicle accident probabilities were 

derived by combining the estimated failure probabilities for the Atlas V and Delta IV 

launch vehicles from the Mars 2020 Representative Databook (NASA 2013). As such, 

the estimated probabilities from the 2014 FEIS do not reflect the reliability of any single 

launch vehicle. The 2014 FEIS estimated an overall probability of a launch accident at 

2.5 percent. 

Table 2.4-1. Comparison of Total Launch-Related Probabilities ï Early Launch 
Through Earth Escape (2014 FEIS vs. 2020 SEIS) 

Document 

Successful 
Launch  

(Earth Escape) 
Probability (%) 

Overall Launch  
Accident 

Probability (%)(a) 

Launch Accident  
No Release of 

Plutonium 
Dioxide 

Probability (%)(a) 

Launch Accident 
Release of 
Plutonium 

Dioxide 
Probability (%)(a) 

2014 FEIS 97.5 2.5 2.4 0.04 

2020 SEIS 98.7 1.3 1.2 0.10 

Notes:  

Difference in launch accident probability and sum of accident probabilities is due to rounding. 

(a) Per launch attempt 

Key: FEIS = Final Environmental Impact Statement; SEIS = Supplemental Environmental Impact Statement. 

 

The SEIS utilizes launch vehicle accident probabilities associated with the Atlas V (a 

specific launch vehicle). Therefore, the estimated probabilities for this SEIS reflect the 



Supplemental Environmental Impact Statement for the Mars 2020 Mission   

2-6 

reliability of the Atlas V. Both the 2014 FEIS and this SEIS present the release 

probabilities estimated in their respective NRAs.  The 2019 NRA Update used for this 

SEIS estimated an overall probability of a launch accident at 1.25 percent, representing 

a decrease of 1.25 percent probability from 2.50 percent as presented in the 2014 FEIS. 

The probability of a launch accident with a release of plutonium dioxide is estimated at 

0.10 percent, an increase of 0.06 percent probability from 0.04 as presented in the 2014 

FEIS. Figure 2.4-1 and Figure 2.4-2 provide graphical representations of the accident 

probabilities as presented in Table 2.4-1 from the 2014 FEIS and this SEIS, 

respectively. 

 

Figure 2.4-1. 2014 FEIS Total Launch Profile Accident Probabilities 

    

Figure 2.4-2. 2020 SEIS Total Launch Profile Accident Probabilities 
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2014 FEIS 

The 2014 FEIS identified that the most likely outcome of implementing the proposed 
Mars 2020 mission, with over a 97 percent probability, would be a successful launch to 
Mars. The unsuccessful launches (about a 2.5 percent probability) would result from 
either a malfunction or a launch accident. Most malfunctions would involve trajectory 
control malfunctions, which would occur late in the ascent profile. This type of 
malfunction would place the spacecraft on an incorrect trajectory escaping from Earth 
but leading to failure of the spacecraft to reach Mars. Most launch accidents result in 
destruction of the launch vehicle but would not result in damage to the MMRTG 
sufficient to cause a release of some plutonium dioxide. The analysis estimated that for 
less than about 0.04 percent of the time (a probability of 1 in 2,600), a launch could 
result in an accident with the release of plutonium dioxide (see Section 2.6.2.3.2 of the 
2014 FEIS).  

2020 SEIS 

This SEIS identifies that the most likely outcome of implementing the Mars 2020 
mission, with nearly a 99 percent probability, would be a successful launch to Mars. An 
unsuccessful launch (a 1.25 percent probability) would result from either a malfunction 
or a launch accident. Most malfunctions would involve trajectory control malfunctions, 
which would occur late in the ascent profile. This type of malfunction would place the 
spacecraft on an incorrect trajectory escaping from Earth but leading to failure of the 
spacecraft to reach Mars. Across all mission phases, most launch accidents would 
result in destruction of the launch vehicle but would not result in damage to the MMRTG 
sufficient to cause a release of some plutonium dioxide. For accidents in the launch 
area, the probability of a release of plutonium dioxide in an accident is 52 percent. For 
the overall mission, the analysis estimates that about 0.10 percent of the time (a 
probability of 1 in 960), a launch could result in an accident with the release of 
plutonium dioxide (see Section 2.4.3.1.1, Accident Probabilities and Consequences, of 
this SEIS).  

2.4.3.1 The 2014 FEIS NRA and 2020 SEIS NRA Update  

Discussion of the 2014 NRA for the proposed Mars 2020 mission that was used in the 
2014 FEIS is found in Section 2.6.2.3.1 of the 2014 FEIS. The risk assessment 
approach for the 2019 NRA Update was the same but incorporated the modeling 
updates described previously and used information based on the selected Atlas V 541 
launch vehicle for estimating accident probabilities, potential releases of plutonium 
dioxide in case of an accident (called ñsource termsò), radiological consequences, and 
mission risks. 

The 2019 NRA Update for the Mars 2020 mission considered 1) potential accidents 
associated with the launch and their probabilities and accident environments, 2) the 
response of the MMRTG to such accidents in terms of the amount of radioactive 
materials released and their probabilities, and 3) the radiological consequences and 
mission risks associated with such releases. The risk assessment was based on a 
MMRTG radioactive material inventory of about 59,000 curies of primarily plutonium-
238 (an alpha-emitter with an 87.7-year half-life). 
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The risk assessment for the Mars 2020 mission began with the identification of the initial 
launch vehicle system malfunctions or failures and the subsequent chain of accident 
events that could ultimately lead to the accident environments (e.g., explosive 
overpressures, fragments, fire) that could threaten the MMRTG. These launch vehicle 
system failures were based on launch vehicle system reliabilities and estimated failure 
probabilities provided to DOE by NASA (SNL 2019).  

Failure of the launch vehicle has the potential to create accident environments that 
could damage the MMRTG and result in the release of plutonium dioxide. Based on 
analyses performed for earlier missions that carried radioisotope devices (RTGs and 
LWRHUs), DOE identified the specific accident environments that could potentially 
threaten the MMRTG. DOE then determined the response of the MMRTG and its 
components to these accident environments and estimated the amount of radioactive 
material that could be released. 

2.4.3.1.1 Accident Probabilities and Consequences 

Section 4.1.4 of the 2014 FEIS provides a detailed quantitative discussion of the 
accident probabilities and associated potential consequences for the proposed Mars 
2020 mission. Section 4.1.4 of the 2014 FEIS also describes the risk assessment with 
the results presented for both mean and 99th percentile values.  

Section 3.5 (Health and Safety) of this SEIS provides a detailed quantitative discussion 
of the accident probabilities and associated potential consequences for the Mars 2020 
mission as outlined in the 2019 NRA Update used for this SEIS. Section 3.5 also 
describes the risk assessment, with the results presented for both mean and 99th 
percentile values. 

For both the 2014 NRA and the 2019 NRA Update, the Mars 2020 mission was divided 
into phases, which reflect principal launch events: 

¶ Phase 0 ï Pre-Launch: from the installation of the MMRTG to just prior to the 
start of the first stage main engine 

¶ Phase 1 ï Early Launch: from the start of the first stage main engines to just 

prior to the time after which there would be no potential for debris or an intact 

vehicle configuration to impact land in the launch area, and water impact would 

occur 

¶ Phase 2 ï Late Launch: from the end of Phase 1 to when the launch vehicle 

reaches an altitude of about 30 km (100,000 feet), an altitude above which 

reentry heating could occur 

¶ Phase 3 ï Suborbital Reentry: from an altitude of about 30 km (100,000 feet) to 

the first engine cutoff of the second stage 

¶ Phase 4 ï Orbit Reentry: from the first engine cutoff of the second stage to 

separation of the spacecraft from the second stage 

¶ Phase 5 ï Long-term Reentry: from spacecraft separation to no chance of 

spacecraft reentry 
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Accident scenarios were assessed over all launch phasesðfrom pre-launch operations 

through escape from Earth orbitðand consequences were assessed for both the regional 

population near the launch site and the global population.  

¶ Phase 0 (Pre-Launch) and Phase 1 (Early Launch): A launch-related accident 

during these periods could result in ground impact in the launch area. 

¶ Phase 2 (Late Launch): A launch accident during this period would lead to 

impact of debris in the Atlantic Ocean. 

¶ Phase 3 (Suborbital): A launch accident during this period prior to reaching 

Earth parking orbit could lead to prompt suborbital reentry within minutes. 

¶ Phase 4 (Orbital) and Phase 5 (Long-Term Reentry): A launch accident that 

occurs after attaining parking orbit could result in orbital decay reentries from 

minutes to years after the accident. 

The radiological consequences of a given accident that results in a release of 

radioactive material have been calculated in terms of radiation doses, potential health 

effects, and land area potentially impacted at or above specified levels. The radiological 

consequences have been estimated from atmospheric transport and dispersion 

simulations incorporating both worldwide and launch-site specific meteorological and 

population data. 

The estimated radiological consequences by launch phase and for the overall mission 

are summarized below. For consistency, the accident consequences and associated 

risks identified in the 2014 FEIS and this SEIS are presented in terms of the mean (see 

Section 3.5, Health and Safety, for detailed information regarding this discussion). 

Consequences of Radiological Release on Human Health 

Human health consequences are expressed in terms of maximum individual dose, 

collective dose to the potentially exposed population, and the associated health effects. 

The maximum individual dose is the maximum dose, typically expressed in units of rem 

(roentgen equivalent in man), delivered to a single individual assumed to be outside 

without shelter during the time of radiological exposure for each accident. Collective 

dose (also called a population dose) is the sum of the radiation dose received by all 

individuals exposed to radiation from a given release, assuming no mitigations, such as 

sheltering in place. Health effects represent statistically estimated additional latent 

cancer fatalities resulting from an exposure to a release of radioactive material 

calculated over a 50-year period following the exposure and are determined based on 

Interagency Steering Committee on Radiation Standards (ISCORS) health effects 

estimators (DOE 2002a).  

Table 2.4-2 provides a summary of the human health consequences for all phases as 
presented in the 2014 FEIS versus those identified in this SEIS.   
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Table 2.4-2. Summary of Estimated Mean Radiological Health Consequences ï 

2014 FEIS vs. 2020 SEIS 

Document 

Consequence 

Contributing 

Source 

Launch Area 

Accident 
Accidents Beyond the Launch Area Overall 

Mission 

Accidents 
Pre-

Launch 

Early 

Launch 

Late 

Launch 

Sub-

Orbital 
Orbital 

Long-term 

Reentry 

2014 FEIS 

Probability of 

Accident with 

Release(a) 

1 in 

93,000 

1 in 

11,000 

1 in 

130,000 

1 in 

67,000 
1 in 3,800 

1 in 

11,000,000 
1 in 2,600 

2020 SEIS 

Probability of 

Accident with 

Release(a) 

1 in 

16,000 

1 in 

1,100 

1 in 

390,000 

1 in 

140,000 

1 in 

15,000 

1 in 

120,000 
1 in 960 

2014 FEIS 
Max Individual 

Dose, rem 
0.00029  0.06  0.000016  0.043  0.0005  0.0008  0.016  

2020 SEIS 
Max Individual 

Dose, rem 
0.14 0.21 0.048 2.4 1.6 1.0 0.31 

2014 FEIS 
Latent Cancer 

Fatalities(b) 
0.0014  0.29  0.000078  0.20  0.0026  0.0038  0.076  

2020 SEIS 
Latent Cancer 

Fatalities(b) 
0.20 0.52 0.017 0.32 0.14 0.068 0.47 

Notes:  

(a) Per launch attempt 
(b) A latent cancer fatality of less than 1.0 can be interpreted as the probability of the occurrence of one latent cancer fatality within the exposed 

population. For example, a value of 0.25 would be a one in four chance that the accident would result in one latent cancer fatality within the 

exposed population. 

Key: FEIS = Final Environmental Impact Statement; rem = roentgen equivalent in man; SEIS = Supplemental Environmental Impact Statement. 

2014 FEIS 

For the Proposed Action as described in the 2014 FEIS, an accident resulting in the 

release of plutonium dioxide from the MMRTG occurs with a probability of 1 in 2,600. 

The mean mission human health consequences are estimated at: 

¶ maximum dose received by an individual would have a mean of 0.016 rem, which 

is equivalent to about 5 percent of the natural annual background dose received 

by each member of the population of the United States during a year1; and 

¶ a mean collective dose resulting in about 0.076 additional latent cancer fatalities 

within the entire group of potentially exposed individuals.  

For individual phases of the mission, the mean maximum dose received by an individual 

ranges from 0.000016 to 0.060 rem, and the additional latent cancer fatalities range from 

0.000078 to 0.29. The largest values are both associated with accidents with releases 

that occur during the Early Launch Phase (Phase 1). The range of accidents have 

specific probabilities associated with them and are not the same (refer to Table 2.4-2). 

                                            

1 An average of about 0.3 rem per year is received by an individual in the United States from natural 

sources. The dose from man-made sources, such as medical diagnosis and therapy, could be as high as 
an additional 0.3 rem. See Section 3.2.6 of the 2014 FEIS for further information. 
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2020 SEIS 

For the Proposed Action as described in this SEIS, an accident resulting in the release 

of plutonium dioxide from the MMRTG occurs with a probability of 1 in 960. The mean 

mission human health consequences are: 

¶ mean maximum dose received by an individual would have a mean of 0.31 rem, 

which is nearly equivalent to the natural annual background dose received by 

each member of the population of the United States during a year; and 

¶ a mean collective dose resulting in about 0.47 additional latent cancer fatalities 

within the entire group of potentially exposed individuals.  

For individual phases of the mission, the mean maximum dose received by an individual 

ranges from 0.048 to 2.4 rem, and the additional latent cancer fatalities range from 

0.017 to 0.52. The largest maximum doses to an individual are associated with 

accidents with releases that occur in later launch phases, while the largest latent cancer 

fatality value is associated with early launch accidents with impacts in the launch area.  

The range of accidents have specific probabilities associated with them and are not the 

same (refer to Table 2.4-2). 

Figure 2.4-3 provides a graphical comparison of the maximum individual dose, given an 

accident with release of radioactive material. 

 
Note: See Section 3.5 (Health and Safety) for more discussion regarding the maximum individual dose. 

Figure 2.4-3. Maximum Individual Dose Given an Accident with Release of 
Radioactive Material (Launch Area Accident ï Early Launch) 

Impacts of Radiological Releases on the Environment 

In addition to the potential human health consequences of launch accidents that could 

result in a release of plutonium dioxide, environmental impacts could also include 

contamination of natural vegetation, wetlands, agricultural land, cultural, archaeological 
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and historic sites, urban areas, inland water, and the ocean, as well as impacts on 

wildlife. 

As described in Section 2.6.2.3.2 of the 2014 FEIS, potential environmental 
contamination was evaluated in terms of areas that may potentially exceed various 
screening levels and dose rateïrelated criteria considered in evaluating the need for 
land cleanup/mitigation if an accident involving a radiological release occurred. In the 
NRA for the 2014 FEIS and this 2020 SEIS, land areas that could potentially exceed a 
screening level of 0.2 microcuries per square meter (ɛCi/m2) have been identified. This 
is a screening level used in prior NASA environmental documentation based on 
proposed guidance to Federal agencies by the EPA in 1977 (EPA 1977). However, this 
screening level was never formally adopted by the EPA; rather, that agency has 
historically assessed the need for action (such as monitoring or cleanup) on a case-by-
case basis.  While the 0.2 ɛCi/m2 screening level has been used in prior NASA 
environmental documentation (NASA 2014) to identify areas potentially needing further 
action, it is not considered definitive, as event- or site-specific factors must be 
considered. Therefore, this screening value is included in this SEIS for comparative 
purposes to the 2014 FEIS and prior missions.  For the purposes of determining land 
area that could potentially require investigative or remedial actions in the event of 
release of radiological material, NASAôs contingency response plans will establish 
specific screening values appropriate for the Mars 2020 launch from CCAFS to ensure 
the timely identification and implementation of appropriate protective actions. 

In addition to the potential direct costs of radiological surveys, monitoring, and potential 

cleanup following an accident, there are potential secondary societal costs associated 

with the decontamination and mitigation activities due to launch area accidents. Those 

costs may include: temporary or longer term relocation of residents; temporary or longer 

term loss of employment; destruction or quarantine of agricultural products, including 

citrus crops; land use restrictions; restriction or bans on commercial fishing; and public 

health effects and medical care.  

The areas that could be potentially affected to the extent that these secondary costs 

would be incurred are not necessarily the same as the area potentially affected above 

0.2 ɛCi/m2. For example, the Food and Drug Administration (FDA) has provided 

guidelines for crop contamination intended to ensure contaminated foodstuffs would not 

endanger the health and safety of the public. These guidelines, in the form of Derived 

Intervention Levels (DILs), identify the level of impact above which some action 

(decontamination, destruction, quarantine, etc.) is required. The DIL for cropland used 

within the context of the 2019 NRA Update and this SEIS is 7.3 ɛCi/m2 (for launch 

Phases 0, 1, and 2) (SNL 2019). 

The results for the mean land area potentially affected at or above a level of 0.2 ɛCi/m2 

or 7.3 ɛCi/m2 and thus potentially requiring additional evaluation are summarized in 

Table 2.4-3 and shown graphically in Figure 2.4-4. For potential launch area accidents, 

DOE has estimated that the crop area potentially affected above the DIL for which some 

action is required would be over 100 times smaller than the area potentially affected 

above 0.2 ɛCi/m2. 
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Table 2.4-3. Estimated Mars 2020 Mission Land Area Potentially Exceeding 
0.2 or 7.3 µCi/m2 for Accident with Radiological Release (Mean Maximum Values) 

ï 2014 FEIS vs. 2020 SEIS 

Launch Phase 

2014 FEIS 2020 SEIS   

Release 
Probability(a) 

Land Area  
Release 

Probability(a) 
Land Area  

Cropland 
Area(b)  

Pre-launch(c) 1 in 93,000 
0.035 km2  
(0.014 mi2) 

1 in 16,000 
7.4 km2 

(2.9 mi2) 
0.00076 km2 

(0.00029 mi2) 

Early launch(c) 1 in 11,000 
7.4 km2 
(2.9 mi2) 

1 in 1,100 
79 km2 

(31 mi2) 
0.014 km2 

(0.0053 mi2) 

Late launch 1 in 130,000 
0.0020 km2 

(0.00077 mi2) 
1 in 390,000 

25 km2 

(9.7 mi2) 
0.010 km2 

(0.0039 mi2) 

Suborbital 1 in 68,000 
5.2 km2 
(2.0 mi2) 

1 in 140,000 
76 km2 

(29 mi2) 
0.0049 km2 

(0.0019 mi2) 

Orbital 1 in 3,800 
0.066 km2  
(0.025 mi2) 

1 in 15,000 
5.9 km2 

(2.3 mi2) 
0.0058 km2 

(0.0022 mi2) 

Long-term 
Reentry 

1 in  
11 million 

0.097 km2  
(0.037 mi2) 

1 in 120,000 
4.9 km2 

(1.9 mi2) 
0.0048 km2 

(0.0019 mi2) 

Overall Mission 1 in 2,600 
1.94 km2 
(0.75 mi2) 

1 in 960 
69 km2 

(27 mi2) 
0.012 km2 

(0.0048 mi2) 
Notes:  
(a) Per launch attempt  
(b) Indicates a Derived Intervention Level of 7.3 microcuries per square meter (ɛCi/m2) for launch Phases 0, 1, and 2.  
(c) Accidents during these launch phases are relevant to a region of influence associated with the United States (e.g., an area 7.4 km2 to 

79 km2 from the launch accident location). Accidents during subsequent launch phases would be associated with a region of influence 
considered outside the United States as the ñglobal environmentò because these launch phases occur outside the jurisdiction of the 
United States. 

Key: FEIS = Final Environmental Impact Statement; km2 = square kilometers; mi2 = square miles; SEIS = Supplemental Environmental 
Impact Statement. 

 

 

Figure 2.4-4. Land Area Potentially Exceeding 0.2 ɛCi/m2 in the Event of a Launch 
Accident with Radiological Release (Launch Area Accident ï Early Launch) 
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2.4.3.1.2 Mission Risks 

To place the estimates of potential health effects due to launch accidents for the Mars 
2020 mission into a perspective that can be compared with other human undertakings 
and events, it is useful to use the concept of risk. Risk is commonly viewed as the 
possibility of harm or damage. For the Mars 2020 mission, public risk is characterized in 
terms of the expectation of health effects in a statistical sense. The risk for each launch 
phase and for the overall mission is estimated by multiplying the total probability of a 
release by the health effects resulting from that release. Risk calculated in this manner 
can also be interpreted as the probability of one or more health effects occurring in the 
exposed population. 

Population Risks 

2014 FEIS  

The 2014 FEIS identified the Proposed Actionôs estimated overall population health 
effects risk from the release of plutonium dioxide to be about 1 in 34,000, that is, one 
chance in 34,000 of an additional health effect (i.e., a health effect occurring outside of 
normal statistical health effect probabilities; see Section 3.5, Health and Safety, for 
more detailed information). For accidents that may occur in the launch area, not 
everyone within 100 km (62 mi) of the launch site would be potentially exposed. Who 
would be potentially exposed is dependent upon several factors, including the weather 
conditions at the time of the accident as well as any response actions taken (i.e., shelter 
in place). The total probability of a health effect within the regional population is about 
1 in 61,000, or about 57 percent of the total risk of the entire launch event (i.e., all 
phases combined). For the global population (excluding those exposed in the launch 
area region), the risk would be due to the potential for accidental release occurring from 
pre-launch through Mars trajectory insertion and was estimated to be about 1 in 79,000, 
or about 43 percent of the entire launch event (i.e., all phases combined). 

2020 SEIS 

This SEIS identifies the Proposed Actionôs estimated overall population health effects 
risk from the release of plutonium dioxide to be about 1 in 2,000ðthat is, one chance in 
2,000 of an additional health effect. For accidents that may occur in the launch area, not 
everyone within 100 km (62 mi) of the launch site would be potentially exposed. Similar 
to analysis in the 2014 FEIS, who would be potentially exposed is dependent upon 
several factors, including the weather conditions at the time of the accident and 
response actions (i.e., shelter in place). The total probability of a health effect within the 
regional population is about 1 in 3,000, or about 66 percent of the total risk for the 
overall mission. For the global population (excluding those exposed in the launch area 
region), the risk would be due to the potential for accidental release occurring from pre-
launch through Mars trajectory insertion and was estimated to be about 1 in 6,000, or 
about 34 percent of the total risk for the mission. 

Individual Risks (Maximum Individual Risks) 

Both the 2014 FEIS and this SEIS find that those individuals within the population that 
might receive the highest radiation exposures, such as those very close to the launch 
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area, would face very small risks. The 2014 FEIS found that the risk to the maximally 
exposed individual within the regional population was estimated to be less than 1 in 
300 million for the Mars 2020 mission. This SEIS estimates that the risk to the 
maximally exposed individual within the regional population is estimated to be less than 
1 in 9 million for the Mars 2020 mission. Most people in the potentially exposed 
population would have much lower risks. 

These risk estimates are miniscule compared to other risks. Annual fatality statistics 
indicate that in the year 2017 the average individual risk of accidental death in the 
United States was about 1 in 1,900 per year, while the average individual risk of death 
due to any disease, including cancer, was about 1 in 150 (see Section 3.5, Health and 
Safety, of this SEIS for additional details). 

2.4.4 Summary Comparison of the Proposed Action and No Action Alternative 

In terms of environmental impacts, normal implementation of the Proposed Action would 
primarily yield short-term impacts to air quality from the launch vehicleôs exhaust. 
Should a launch accident occur, potential environmental impacts would be primarily 
associated with combustion products from released propellants and from falling debris. 
As stated in Sections 2.4.1 (Environmental Impacts of a Normal Launch) and 2.4.2 
(Environmental Impacts of Potential Launch Accident with No Radiological Release), 
these impacts were addressed in the 2014 FEIS and are not addressed in detail in this 
SEIS because they do not substantively differ from the analysis and associated 
consequences identified in the 2014 FEIS. 

Although the probability of such accidents occurring is unlikely, it is possible that a 
launch accident could result in a release of some of the plutonium dioxide from the 
MMRTG, which could potentially result in consequences to human health and the 
environment. These potential impacts are summarized in Section 2.4.3 (Environmental 
Impacts of Potential Launch Accident with Radiological Release) and addressed in 
detail in Chapter 3, Affected Environment and Environmental Consequences) of this 
SEIS. 

For the No Action Alternative, no environmental impacts would occur since there would 
be no launch. The No Action Alternative is discussed in detail in the 2014 FEIS. 
Implementation of the No Action Alternative would not meet the purpose and need for 
the Mars 2020 mission because none of the planned science would be achieved. 
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3. AFFECTED ENVIRONMENT AND ENVIRONMENTAL 
CONSEQUENCES 

3.1 INTRODUCTION 

This chapter corresponds to Chapters 3 and 4 of the 2014 FEIS. In this SEIS, the 
affected environment and environmental consequences discussions for each resource 
area have been combined for easier understanding. As discussed in Chapter 1 
(Purpose and Need for the Action), this SEIS identifies changes to the affected 
environment since the 2014 FEIS was published. In addition, this report discusses 
potential environmental impacts from postulated launch vehicle accidents causing a 
release of radioactive materials. The 2014 FEIS addressed such scenarios, but this 
SEIS includes an updated analysis using new modeling results. Spatial dispersion of 
radiological contamination levels within the ROI that could potentially occur from a 
launch vehicle accident with a release of radioactive materials is dependent on specifics 
of the accident. Such variables that affect spatial dispersion include the launch phase 
(i.e., where the accident occurs, elevation of the launch vehicle at the time of the 
accident, etc.), how the launch vehicle reacts to the accident, the weather, and the wind 
conditions at the time of the event. Specific impacts and associated mitigations as a 
result of such an unlikely occurrence would need to be evaluated as part of response 
activities as outlined in Section 3.5 (Health and Safety) of this SEIS.  

The 2014 FEIS addressed impacts associated with normal launch activities, including 

accidents that would not release radioactive materials. Those potential impacts remain 

the same, so this SEIS does not repeat that information.  

Also, this SEIS does not address some resource areas that were included in the 2014 
FEIS. Section 3.2 below explains the rationale for not including those resource areas 
from the 2014 FEIS. Section 3.3 identifies any incomplete or unavailable information 
needed to describe the affected environment or conduct the environmental analysis. 
Sections 3.5 through 3.15 describe the affected environment for environmental 
resources analyzed for this SEIS, as well as environmental effects as they correspond 
to the 2014 FEIS and changes as of this 2020 SEIS. 

3.2 RESOURCES CONSIDERED BUT NOT CARRIED FORWARD 

Table 3.2-1 lists the environmental resources that were not carried forward from the 

2014 FEIS for analysis in this SEIS and explains why they were not carried forward. 

Table 3.2-1. Resources Considered But Not Carried Forward 
Resource Area Rationale 

Noise The noise environment and potential noise-related impacts from launch activities 

remain the same as that described in the 2014 FEIS. With the exception of sonic 

booms associated with booster landings, the noise environment within the ROI has 

remained largely unchanged since 2014 (there are no booster landings associated 

with the Mars 2020 mission). Other NEPA documents address the effects of launch 

activities on the affected environment (NASA 2016). A launch accident resulting in 
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Table 3.2-1. Resources Considered But Not Carried Forward 
Resource Area Rationale 

a radiological release would have no additional noise consequences than those 

resulting from a launch accident that does not release radioactive materials.  

Aesthetics The aesthetic environment and potential impacts from launch activities remain the 

same as that described in the 2014 FEIS. Aside from typical development activities 

within the ROI, the aesthetic environment has remained largely unchanged since 

2014. A launch accident resulting in a radiological release would have no more 

impacts to the aesthetic environment than those from a launch accident that does 

not release radioactive materials. 

Hazardous 

Materials and 

Hazardous 

Waste 

Hazardous materials and waste management, pollution prevention, and spill 

management at CCAFS/KSC remain the same as described in the 2014 FEIS. The 

hazardous materials or potential wastes associated with the Proposed Action as 

described in the 2014 FEIS have not changed. Hazardous wastes associated with 

accidents (both non-radiological release and radiological release) and associated 

management would be the same as described in the 2014 FEIS. Hazardous 

materials and hazardous wastes would continue to be managed under Federal and 

state regulations. All CCAFS/KSC launch sites have established operating plans to 

implement these regulations. These plans clearly define responsibilities and 

procedures for managing hazardous materials and hazardous wastes. Any 

hazardous materials remaining after processing would be properly stored for future 

use or disposed of in accordance with applicable regulations. All hazardous waste 

would be properly containerized, stored, labeled, manifested, shipped, and 

disposed of so as to comply with regulations.  

Key: CCAFS/KSC = Cape Canaveral Air Force Station/Kennedy Space Center; FEIS = Final Environmental Impact Statement; NEPA = 

National Environmental Policy Act; ROI = region of influence. 

3.3 INCOMPLETE OR UNAVAILABLE INFORMATION  

As with the 2014 FEIS (Section 4.7), this SEIS has been developed before final 

preparations could be completed for the Mars 2020 mission. However, the design is 

complete, the hardware is built, and the system is undergoing testing. At this time, there 

are no expected changes that might substantively affect the environmental evaluations 

presented in this SEIS.  

3.4 ENVIRONMENTAL COMPLIANCE AT CCAFS 

This section corresponds to Sections 3.1 and 4.10 of the 2014 FEIS, which presented 

environmental laws, regulations, reviews, and consultation requirements applicable to 

CCAFS, including permits, licenses, and approvals. No substantive changes in CCAFS 

operations, permits, licenses, and/or approvals have been identified that would 

substantively affect the analysis from the 2014 FEIS. 

3.5 HEALTH AND SAFETY 

This section corresponds to Section 3.1.10 of the 2014 FEIS, which described regional 
and onsite (CCAFS/KSC) safety associated with payload processing, transport, and 
launches. 
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3.5.1 Affected Environment 

Changes to ROI Since 2014 FEIS  

Regional Safety 

Regional safety aspects of the baseline environment as described in the 2014 FEIS 
remain the same. CCAFS, KSC, the City of Cape Canaveral, and Brevard County still 
maintain a mutual-aid agreement in the event of an on- or off-station emergency. During 
launch activities, CCAFS maintains communication with KSC, Brevard County 
Emergency Management, the Florida Marine Patrol, the U.S. Coast Guard, and the 
State coordinating agency, the Florida Division of Emergency Management. Range 
Safety monitors launch viewing areas to ensure that risks to people, aircraft, and 
surface vessels do not exceed acceptable limits. NASA closes control areas and 
airspace to the public as needed. 

Since the issuance of the 2015 ROD, NASA has made contingency plans for the 
unlikely event that a launch accident would cause release of radioactive material. 
Before launching any spacecraft that includes radioisotope power systems, NASA 
develops plans to make sure it can effectively respond to a launch accident. NASA 
develops these plans under the Department of Homeland Securityôs (DHS) National 
Response Framework (NRF) (DHS 2016a) and the NRF Nuclear/Radiological Incident 
Annex (DHS 2016b). In making these plans, NASA coordinates with other organizations 
that would respond in a radiological emergency. These organizations include DOE and 
other Federal agencies, the State of Florida, Brevard County, and local governmental 
organizations.  In addition, in 2019, DOEôs National Nuclear Safety Administration 
conducted a radiological emergency response exercise as part of the efforts to ensure 
that local, state, and Federal authorities are trained and prepared in the event of an 
accident. 

3.5.2 Environmental Consequences 

This section compares the environmental impacts of potential accidents involving 
radioactive materials as presented in the 2014 FEIS with results from more recent 
analysis. For additional details, see the 2014 FEIS and Appendix A (Health and Safety 
Supporting Information) of this SEIS. 

3.5.2.1 No Action Alternative 

The No Action Alternative would be the same as described in Section 2.4 of the 2014 
FEIS. Under this alternative, NASA would discontinue preparations for the Mars 2020 
mission, and thus no health and safety impacts would occur outside of normal ongoing 
operations within the CCAFS or the larger nine-county ROI. 

3.5.2.2 Proposed Action 

NASA and DOE assessed the potential environmental impacts of postulated launch 
accidents involving release of plutonium dioxide. Results show the most likely outcome 
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is a successful launch of the spacecraft toward Mars. But in the case of an unsuccessful 
launch, it is unlikely to cause a release of plutonium dioxide.  

For the 2014 FEIS, NASA estimated the launch success probability for a ñcompositeò 
launch vehicle to complete all pre-launch operations, first stage flight, second stage 
flight, and insertion of the spacecraft into the proper trajectory. NASA calculated the 
accident probabilities by combining the estimated accident probabilities for the Atlas V 
and Delta IV launch vehicles as stated in the Mars 2020 Representative Databook 
(NASA 2013). As such, these estimated probabilities did not reflect the reliability of any 
single launch vehicle.  

For the updated analysis, NASA estimated the accident probabilities for the selected 
Atlas V 541 launch vehicle. The probabilities for the Atlas V 541 differ from those of the 
composite vehicle reported in the 2014 FEIS, as follows: 

¶ The 2014 FEIS reported a 97.5 percent chance of a successful launch of the 
composite vehicle; the 2019 analysis reports a 98.8 percent chance of a 
successful launch of the Atlas V 541. 

¶ The 2014 FEIS reported a 2.5 percent chance of a launch vehicle accident; the 
2019 analysis reports a 1.25 percent chance of a launch vehicle accident. 

DOEôs updated analysis estimated accident release probabilities and source terms for 
the selected Atlas V 541 launch vehicle, as stated in the 2019 NRA Update. The 
probability of release and consequences following an accident for the Atlas V 541 differs 
from those of the composite vehicle reported in the 2014 FEIS as follows: 

¶ The 2014 FEIS reported an unlikely2 chance (1 in 2,600) for the overall mission 
of a launch vehicle accident that would release plutonium dioxide; the 2019 
analysis reports a larger but still unlikely chance (1 in 960)  for the overall mission 
of a launch vehicle accident with release.  

o The 2014 FEIS reported the very unlikely chance (1 in 11,000) of a launch 
vehicle accident that would result in a release of plutonium dioxide within the 
launch area; the 2019 analysis reports a larger unlikely chance (1 in 1,100).  

o The 2014 FEIS reported an unlikely (1 in 3,500) chance of a launch vehicle 
accident that would result in a release of plutonium dioxide outside the launch 
area; the 2019 analysis reports a smaller very unlikely (1 in 12,000) chance. 

¶ The 2014 FEIS reported that no radiologically related fatalities would be 

expected as a result of any launch accident. The 2019 NRA Update analysis 

found that some accidents, while very or extremely unlikely (see Section 

3.5.2.2.5, Radiological Consequences), could result in long-term latent cancer 

fatalities. For example, a full stack intact impact (FSII) accident in Phase 1 (early 

                                            

2 As in the 2014 FEIS, for this SEIS, the total probabilities of an accident with a release of plutonium 

dioxide are grouped into categories that reflect the likelihood of each accident: 

¶ unlikely: 10-2 to 10-4 (1 in 100 to 1 in 10,000); 

¶ very unlikely: 10-4 to 10-6 (1 in 10,000 to 1 in 1 million); and 

¶ extremely unlikely: less than 10-6 (less than 1 in 1 million). 
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launch), with a less than 1 in 1 million probability of occurrence, is estimated to 

result in an estimated seven latent cancer fatalities (over 50 years). For 

comparison, according to the National Institutes of Healthôs National Cancer 

Institute, of the population in the nine counties surrounding KFC/CCAFS 

(estimated at 4,633,191 in 2020) about 1 in 5 (National Cancer Institute 2019), or 

about 900,000 people, will die of cancer from other causes. 

¶ The 2014 FEIS reported that an accident in the launch area that releases 

radioactive material would cause an average maximum dose of radiation equal to 

about two months of exposure to natural background radiation for a person in the 

United States. The 2019 NRA Update reports an average maximum dose equal 

to about eight months of exposure to natural background radiation under the 

same scenario. 

¶ The 2014 FEIS reported that the average land area that would require further 

evaluation for potential contamination from a launch vehicle accident resulting in 

a release affecting U.S. land areas would be between 0.035 square kilometer 

(km2) (0.014 square mile [mi2]) during Phase 0 (pre-launch) and 7.4 km2 (2.9 mi2) 

from a launch vehicle accident with release in Phase 1 (early launch). This is the 

land area that would need to be evaluated to determine potential impact levels 

above 0.2 ɛCi/m2. Land areas above this level would be considered to be 

potentially impacted to the point of requiring detailed characterization for potential 

cleanup actions. The 2019 NRA Update analysis found that the average land 

area requiring further evaluation from a launch vehicle accident resulting in a 

release affecting U.S. land areas would be between 7.4 km2 (2.9 mi2) during 

Phase 0 and 79 km2 (31 mi2) from a launch vehicle accident with release in 

Phase 1 (early launch). A Phase 0 launch vehicle accident resulting in a release 

is a very unlikely event, and a Phase 1 launch vehicle accident resulting in 

release is an unlikely event with probabilities of occurrence per launch of less 

than 1 in 16,000 and 1 in 1,100, respectively. 

The consequences and their probabilities in the 2014 FEIS and this SEIS are based on 
these launch vehicle accident probabilities and estimated release probabilities in the 
2014 NRA and 2019 NRA Update, respectively. 

3.5.2.2.1 Risk Assessment Method 

The risk methodology has not changed significantly (see Chapter 4 of the 2014 FEIS). 
However, many of the models used have undergone revision. These revisions 
incorporate increased understanding of the phenomena associated with plutonium 
release from the MMRTG under accident conditions and the transport and uptake of 
plutonium.  

3.5.2.2.2 Launch Accidents and Accident Probabilities 

In the 2019 NRA Update, the method for calculating accident probabilities is the same 
as that used in the 2014 FEIS. But two factors result in differences between the 
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probabilities used for the 2014 FEIS and the 2019 NRA Update. Since the publication of 
the ROD for the 2014 FEIS, NASA selected the Atlas V 541 as the mission launch 
vehicle. Accident probabilities used in the 2019 analysis reflect the selected vehicle. 
The Atlas V 541 vehicle has undergone evolutionary changes that include the avionics 
and second stage engine. The models for launch vehicle accident probabilities and 
accident environments have been updated to account for all modifications. Additional 
launches have occurred in the five years since the 2014 FEIS analysis was performed. 
DOE incorporated data from these more recent launches in its analysis of accident 
probabilities. As stated in the 2014 FEIS and in Section 3.3 (Incomplete or Unavailable 
Information) of this SEIS, NASA continues to evaluate the reliability of launch vehicles 
(NASA 2014).  

2014 FEIS 

The 2014 FEIS reported a total mission failure probability of 2.5 x 10-2. Phase 3 had the 

highest probability of an accident followed by Phase 4. Accidents were slightly less 

likely in Phases 1 and 2 than Phase 4. Table 3.5-1 compares the accident end-state 

probabilities for each launch phase.  

Table 3.5-1. Accident End-State and Release Probabilities (per Launch Attempt) 

Phase 1 consists of five accident groups: on-pad explosions, full stack intact impact 
(FSII) (the entire launch vehicle impacts the ground), space vehicle intact impact (SVII) 
(the entire space vehicle impacts the ground), Stage 2/SV (the intact stage 2 and the 

Launch Phase  

2014 FEIS 2019 NRA Update 

Accident 

Probability   

Conditional 

Release 

Probability 

Total 

Release 

Probability 

Accident 

Probability 

Conditional 

Release 

Probability 

Total 

Release 

Probability 

Phase 0 
Very Unlikely 

(3.3x10-5) 3.3x10-1 Very Unlikely 

(1.1x10-5) 
Unlikely  

(1.0 x10-4) 
6.0x10-1 

Very 

Unlikely 

(6.2x10-5) 

Phase 1 
Unlikely  

(3.1x10-3) 
2.8x 10-2 Very Unlikely 

(8.8x10-5) 

Unlikely 

(1.7x10-3) 
5.2x 10-1 

Unlikely 

(9.0x10-4) 

Phase 2 
Unlikely  

(3.6x10-3) 
2.1x10-3 

Very Unlikely 

(7.7x10-6) 
Unlikely 

(2.5x10-3) 
1.0x10-3 

Very 

Unlikely 

(2.6x10-6) 

Phase 3 1.3x10-2 1.3x10-3 
Very Unlikely 

(1.5x10-5) 
Unlikely 

6.8x10-3 
1.1x10-3 

Very 

Unlikely 

(7.3x10-6) 

Phase 4 
Unlikely  

(4.7x10-3) 
5.6x10-2 

Unlikely 

(2.6x10-4) 
Unlikely 

(1.2x10-3) 
5.5x10-2 

Very 

Unlikely 

(6.6x10-5) 

Phase 5 
Very Unlikely 

(1.0x10-6) 
9.4x10-2 

Extremely 

Unlikely  

(9.4x10-8) 

Unlikely 

(1.4x10-4) 
6.0x10-2 

Very 

Unlikely  

(8.5x10-6) 

Total 

Probability 
2.5x10-2 1.6x10-2 

Unlikely 

(3.8x10-4) 
1.3x10-2 8.4x10-2 

Unlikely 

(1.0x10-3) 

Key: FEIS = Final Environmental Impact Statement; NRA = Nuclear Risk Assessment. 
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space vehicle impact the ground), and low-altitude flight termination system (Low 
Altitude FTS) (the vehicle is destroyed at low altitude and debris impacts the ground). 
Probabilities for the release of plutonium differ for each group, and source terms also 
differ. (For the purpose of this SEIS, ñsource termò is defined as the quantity of 
radioisotope that is released from the fuel clads in the GPHS modules and that 
becomes airborne.) The most probable accident is the Low Altitude FTS. 

The methodology presented in Section 4.1.4.1 of the 2014 FEIS includes the basis for 
identifying accident probabilities. Different mechanical failures result in accidents in 
different phases, and these failures have different probabilities over a phase. Also, in 
Phase 1, how the accident progresses also depends on variables that have unique 
probabilities. For example, the FTS is more likely to succeed (resulting in Low Altitude 
FTS) than fail and the other end states (FSII, Stage 2/SV, SVII) require FTS failure for 
an accident to occur. 

2020 SEIS 

The 2019 NRA Update reports a total mission failure probability of 1.3 x 10-2. Phase 3 
has the highest probability of an accident, followed by Phases 2 and 1. The probability 
of a Phase 3 accident dropped by a factor of 2. The probability of a Phase 4 accident 
dropped by a factor of 4. The Phase 5 accident probability increased but remains less 
likely than the accident probability for all phases except for Phase 0. The Low Altitude 
FTS remains the most probable accident in Phase 1. Table 3.5-1 lists phase accident, 
conditional release, and total release probabilities. 

For additional details on mission failure probabilities and development of the data, see 
the 2014 FEIS and Appendix A (Health and Safety Supporting Information) of this SEIS.  

3.5.2.2.3 MMRTG Response to Accident Environments 

2014 FEIS 

For details on potential responses of the MMRTG and its components in an accident, 
see the 2014 FEIS Sections 2.1.3 and 4.1.4.3. 

2020 SEIS 

The 2019 NRA Update and this SEIS reflect a better understanding of how the iridium in 
the MMRTG fuel clads responds to impacts (as described on page 2-23 of the 2014 
FEIS) when the MMRTG is operating at lower temperatures during launch. 

Impact testing conducted in May 2017, which was performed at a fuel clad temperature 
representative of the MMRTG launch conditions, revealed that the iridium cladding was 
less ductile than previously modeled in the risk analysis for the 2014 FEIS.  Using this 
new test information and previous older bare clad test data, the models used to predict 
clad failure under various accident conditions were updated. Because of the reduced 
fuel clad ductility, combined with changes in the air dispersion modeling and accident 
analysis techniques, the updated models predict increased radiological impact 
estimates, due to the increased frequency and magnitude of releases of plutonium 
dioxide. 
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This updated analysis indicates that the chances of some types of launch accidents 

resulting in a release of radioactive material are higher than estimated in the 2014 

NRA and that the chances of potential radiological environmental impacts from those 

accidents are higher than estimated in the 2014 FEIS. For additional details, see 

Appendix A (Health and Safety Supporting Information), Section A.3.1. 

3.5.2.2.4 Accident Probabilities and Source Terms 

NASA and DOE evaluated each of the identified end states and estimated the accident 

environments to which the MMRTG would likely be exposed. From that information, 

DOE developed conditional probabilities that a release would occur and estimated 

source terms, based on the known response of GPHS modules to various accident 

environments. 

The probability of a launch accident involving any release of plutonium dioxide is very 

small, estimated to be unlikely in both the 2014 FEIS analysis and analysis for this 

SEIS: approximately 1 in 10,000 for the 2014 FEIS analysis and 1 in 1,000 for this 

SEIS analysis. The most severe accident environments would occur during launch 

area accidents that might expose the MMRTG to mechanical impacts, explosion 

overpressures and fragments, and fire from burning liquid and solid propellants. 

Appendix A (Health and Safety Supporting Information) summarizes the accident (both 

an accident without a release and an accident with a release) and source term 

probabilities by mission phase, along with mean and 99th percentile source terms for 

the 2014 FEIS and this SEIS.  

In the 2019 NRA Update, conditional probabilities of release increased in Phases 0 

and 1 compared to those of the 2014 FEIS. These probabilities decreased slightly in 

Phases 2 through 5 in the 2019 analysis. With the changes in accident probabilities, a 

greater fraction of launch accidents that could result in a release would occur in 

Phases 0 and 1.  

The 2019 NRA Update indicates that, of the launch accidents resulting in a release (a 

mission total probability of 1.04 x 10-3), 92 percent would occur within the launch area 

(a total probability of 9.6 x10-4 for Phase 0 and Phase 1 accidents), while the 2014 

FEIS reported 26 percent of launch accidents with a release (a mission total probability 

of 3.8x10-4) would occur within the launch area (a total probability 9.9 x 10-5 for Phase 

0 and Phase 1 accidents). 

Within the launch area, for Phase 0 and Phase 1 accidents, the release probability 

increased by about a factor of 10 in the 2019 analysis (e.g., Phase 1 increased from 

2.8 percent to 52 percent). Overall, the probability of an accident with a release 

increased by a factor of 3 for the mission (1.04 x 10-3from 3.8x10-4). Table 3.5-2 

provides the phase and mission release probabilities as well as the release 

probabilities for the Phase 1 accident scenarios. 
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Table 3.5-2. 2014 FEIS and 2019 NRA Update Summary of Release Probabilities 
and Source Terms 

Mission Phase(a) 

2014 FEIS 2019 NRA Update  

Total 
Probability of 
a Release(b) 

Mean 
Source 
Term 

(given a 
release) 
(Curies) 

99th 
Percentile 

Source 
Term (c),(d) 
(given a 
release)  
(Curies)  

Total 
Probability of 
a Release(b) 

Mean 
Source 
Term 

(given a 
release) 
(Curies) 

99th 
Percentile 

Source 
Term (c),(d) 
(given a 
release)  
(Curies)  

0: Pre-Launch(e) 
Very Unlikely 

(1.1x10-5) 0.28 6.7 
Very Unlikely 

(6.2x10-5) 52.3 1,080 

1: Early Launch(e)       

On-Pad 
Explosion 

Very Unlikely 
(8.3x10-6) 

23 40 
Very Unlikely 

(3.2x10-5) 
1,330 10,000 

FSII 
Very Unlikely 

(3.2x10-6) 110 1,800 
Extremely 
Unlikely 

(8.8x10-7) 

6,540 20,200 

Stage 2/SV 
Very Unlikely 

(1.8x10-6) 77 910 
Very Unlikely 

(1.6x10-5) 2,650 13,700 

SVII 
Extremely 
Unlikely 

(3.4x10-8) 

50 580 
Extremely 
Unlikely 

(8.8x10-7) 

1,190 8,610 

Low Altitude FTS 
Very Unlikely 

(7.5x10-5) 61 620 
Unlikely 

(8.5x10-4) 1,090 5,550 

Overall Phase 1 
Very Unlikely 

(8.8x10-5) 59 630 
Unlikely 

(9.0x10-4) 1,130 6,970 

2: Late Launch 
Very Unlikely 

(7.7x10-6) 0.016 0.23 
Very Unlikely 

(2.6x10-6) 79.8 621 

3: Suborbital 
Very Unlikely 

(1.5x10-5) 42 930 
Very Unlikely 

(7.3x10-6) 371 3,820 

4: Orbital 
Unlikely 

(2.6X10-4) 0.53 6.2 
Very Unlikely 

(6.6X10-5) 46.1 414 

5: Long-term 
Reentry 

Extremely 
Unlikely  

(9.4x10-8) 
0.77 7.8 

Very Unlikely  
(8.5x10-6) 

48.7 423 

Overall Mission(f) 
Unlikely 
(3.8x10-4) 16 340 

Unlikely 
(1.0x10-3) 979 6,290 

Source: (NASA 2014, SNL 2019) 
Notes:  
Differences in multiplications and summations are due to rounding of results as reported in the 2014 NRA. Probability categories (e.g., 

unlikely, very unlikely) are  as defined by NASA. 
(a) The table presents a composite of the results for the Atlas V 551 and the Delta IV Heavy, which were used for the 2014 FEIS, determined 

by taking the probability-weighted value of the two sets of results, treating the conditional probability of having a given launch vehicle as 
0.5; and for the Atlas V 541 for the 2019 NRA Update. 

(b) Per launch attempt. 
(c) Total source terms given. The source term is that portion of the release that becomes airborne that would represent the amounts of 

plutonium dioxide released that are no more than 100 micrometers (100 microns) in diameter. Particles larger than this do not generally 
become airborne and would remain in the vicinity of the accident.  

(d) The 99th percentile values would be expected to occur at a probability of about 100 times lower than the mean probability of release. 
(e) Accidents during these launch phases are relevant to a region of influence associated with the United States. Accidents during 
subsequent launch phases would be associated with a region of influence considered outside the United States as the ñglobal 
environmentò because these launch phases occur outside the jurisdiction of the United States. 

(f) Overall mission values are weighted by the total probability of release for each mission phase. 
Key: FEIS = Final Environmental Impact Statement; NRA = Nuclear Risk Assessment; FSII = full stack intact impact (the entire launch 

vehicle impacts the ground); Low Altitude FTS = flight termination system (the vehicle is destroyed at low altitude and debris impacts the 
ground); Stage 2/SV = stage 2 and space vehicle (the intact stage 2 and the space vehicle impact the ground); SVII = space vehicle 
intact impact (the entire space vehicle impacts the ground). 
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As can be seen from the data in Table 3.5-2, generally, mean source terms (given a 

release) increased by a factor of 10 to less than a factor of 200 for each launch phase 

and accident scenario (with the exception of Phase 2 [Late Launch], which releases 

increase from very small to similar to Phases 3, 4, and 5). (Additional information is 

provided in Appendix A, Health and Safety Supporting Information, Table A-3 and Table 

A-4. Those tables provide mean and 99th percentile source terms given an accident 

and given a release. The mean source terms given a release were used to generate the 

consequence and risk estimates for this mission.) The mean source terms (given a 

release) for Phase 1 and all of individual Phase 1 accident scenarios increased by a 

factor of between 18 and 60. Source terms for Phases 3, 4, and 5 increased by a factor 

of less than 100, and Phase 1 by a factor of about 200. The Phase 2 source term, which 

was much less than 1 curie in the 2014 NRA, increased to 79.8 curies in the 2019 

analysis. 

Differences in Source Terms 

Differences in conditional release probabilities and source terms are the result of the 

changes to the analytical models identified above (e.g., changes made to reflect the 

results of MMRTG accident environment tests). Improved understanding of the 

response of the MMRTG materials (especially the fuel cladding) to those environments 

(e.g., impacts, temperature) resulted in the increases to the conditional release 

probabilities. These factors resulted in the source term changes. 

In general, consequence measures increase as source terms increase, but the increase 

is not necessarily one to one. Furthermore, the increase in consequence measures are 

less than the increase in the overall mission source term for the 2019 NRA Update due 

to the updates to the consequence modeling. 

3.5.2.2.5 Radiological Consequences 

As in the 2014 FEIS, the radiological consequences of an accident that results in a 

radiological release, assuming no post-accident mitigation, were calculated in terms of 

maximum individual dose, collective dose, health effects, and land area potentially 

requiring further evaluation for impacts at or above specified levels. The 2014 FEIS 

provides more information on the definitions of these consequences. See Appendix B of 

the 2014 FEIS for more information on the behavior of plutonium dioxide in the 

environment (environmental transport and health impact mechanisms). 

Changes Since the 2014 FEIS 

Using the best available information, DOE updated models and parameter inputs that 

are used for conducting the nuclear safety analysis, including models addressing 

MMRTG response to accident environments, radiological transport mechanisms within 

those environments, and potential health effects. Appendix A (Health and Safety 

Supporting Information) of this SEIS provides more details. 
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Discussion of the Consequence Results 

Table 3.5-3 and Table 3.5-4 summarize DOEôs risk assessment radiological 

consequences of an accident with a release for each of the mission phases for the 2014 

FEIS and this SEIS, respectively. The radiological consequences were estimated by 

mission phase in terms of both the mean and 99th percentile values. Appendix A 

(Health and Safety Supporting Information) discusses the 99th percentile values.  

DOE developed the radiological consequences based on detailed characteristics of the 

material released, that is the source terms, listed in Table 3.5-2.  

The following subsections summarize key results for the mean estimates. 

Maximum Individual Doses 

The maximum individual dose is the maximum dose potentially delivered to a single 
individual for each accident. In the 2014 FEIS, mean maximally exposed individual 
doses for all phases of the launch are a fraction of the average dose that an individual 
might receive annually from natural background radiation,3 generally less than 100 
millirem. Only for a Phase 1 FSII accident is the average maximally exposed individual 
dose greater than 100 millirem, with a value of 110 millirem. This is about a third of the 
average annual natural background dose to someone living in the United States. 

The results of the 2019 NRA Update show that the maximum exposed individual doses 
are generally approximately a magnitude factor of 10 or more higher than that 
calculated in the 2014 FEIS. In the 2014 FEIS, the maximum individual dose for Phases 
2, 4, and 5 are much smaller than the Phase 1 doses. In the 2019 NRA Update, these 
Phase 2, 4, and 5 doses increased significantly more than the Phase 1 dose did. These 
doses, while still smaller, are now much closer to the doses estimated for Phase 1. 
During Phase 1, the predicted mean radiation dose to the maximally exposed individual 
ranges from about 0.19 rem (190 millirem) for Low Altitude FTS and SVII launch area 
accidents up to about 1.2 rem (1,200 millirem) for an extremely unlikely FSII in 
combination with burning solid propellant. No near-term radiological health effects would 
be expected from any of these exposures. Unlike the results of the 2014 FEIS, the dose 
to the maximally exposed individual for the FSII is not the largest single maximally 
exposed individual dose for any accident. Rather, the Phase 3 suborbital failure and a 
hard surface impact yields a maximally exposed individual dose of 2.4 rem (2,400 
millirem), which is the highest individual dose from any accident. This lifetime dose of 
2.4 rem is equal to approximately eight years of exposure to natural background 
radiation. 

                                            

3 An average of about 0.31 rem per year for an individual in the United States from natural sources. Man-

made sources add an additional 0.060 to 0.31 rem. The dominant man-made contribution is from medical 
radiological diagnosis and therapy. See Section 3.2.6 of the 2014 FEIS for further information. 
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Table 3.5-3. 2014 FEIS Summary of Estimated MMRTG Accident Radiological Consequences 

Mission Phase(a) Total Probability of Release(b) 

Maximum Individual 
Dose (rem) 

Health Effects(d) 
Potentially Affected 
Land Area(e) (km 2) 

Mean 
99th 

Percentile (c) 
Mean 

99th 
Percentile (c) 

Mean 
99th 

Percentile (c) 

0: Pre-Launch(f)  Very Unlikely (1.1x10-5) 0.00029 0.0068 0.0014 0.033 0.035 0.83 

1: Early Launch(f)        

On-Pad Explosion Very Unlikely (8.3x10-6) 0.024 0.040 0.11 0.19 2.9 4.9 

FSII Very Unlikely (3.2x10-6) 0.11 1.9 0.52 8.9 13 230 

Stage 2/SV Very Unlikely (1.8x10-6) 0.079 0.93 0.38 4.5 9.7 110 

SVII Extremely Unlikely (3.4x10-8) 0.051 0.59 0.25 2.9 6.3 73 

Low Altitude FTS Very Unlikely (7.5x10-5) 0.062 0.63 0.30 3.0 7.6 77 

Overall Phase 1 Very Unlikely (8.8x10-5) 0.060 0.65 0.29 3.1 7.4 79 

2: Late Launch Very Unlikely (7.7x10-6) 1.6x10-5 0.0002 7.8x10-5 0.0011 0.0020 0.029 

3: Suborbital Very Unlikely (1.5x10-5) 0.043 0.95 0.20 4.6 5.2 120 

4: Orbital Unlikely (2.6x10-4) 0.0005 0.0063 0.0026 0.030 0.066 0.77 

5: Long-term Reentry Extremely Unlikely (9.4x10-8) 0.0008 0.0080 0.0038 0.038 0.097 0.98 

Overall Mission(g) Unlikely (3.8x10-4) 0.016 0.35 0.076 1.7 1.9 43 

Source: (NASA 2014) 

Notes:  

Differences in multiplications and summations are due to rounding of results as reported in the 2014 NRA. Probability categories (e.g., unlikely, very unlikely) are as defined by NASA. 

(a) The table presents a composite of the results for the Atlas V 551 and the Delta IV Heavy, which were used for the 2014 FEIS, determined by taking the probability-weighted value of the two 
sets of results, treating the conditional probability of having a given launch vehicle as 0.5. 

(b) Per launch attempt. 

(c) The 99th percentile values would be expected to occur at a probability of about 100 times lower than the mean probability of release. 

(d) Based on ISCOR health effects recommendation of 6 x 10-4 health effects per person-rem for the general population. 

(e) Land area potentially exceeding 0.2 µCi/m2; 1 km2 = 0.386 mi2. 

(f) Accidents during these launch phases are relevant to a region of influence associated with the United States. Accidents during subsequent launch phases would be associated with a region of 
influence considered outside the United States as the ñglobal environmentò because these launch phases occur outside the jurisdiction of the United States. 

(g) Overall mission values weighted by total probability of release for each mission phase. 

Key: µCi/m2 = microcuries per square meter; FEIS = Final Environmental Impact Statement; FSII = full stack intact impact (the entire launch vehicle impacts the ground); ISCOR = Interagency 
Steering Committee on Radiation; km2 = square kilometers; Low or High Altitude FTS = flight termination system (the vehicle is destroyed at low or high altitude and debris impacts the ground); 
mi2 = square miles; MMRTG = Multi-Mission Radioisotope Thermoelectric Generator; NRA = Nuclear Risk Assessment; rem = roentgen equivalent in man; Stage 2/SV = stage 2 and space 
vehicle (the intact stage 2 and the space vehicle impact the ground); SVII = space vehicle intact impact (the entire space vehicle impacts the ground). 
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Table 3.5-4. 2019 NRA Update Summary of Estimated MMRTG Accident Radiological Consequences 

Mission Phase(a) 
Total Probability of 

Release(b) 

Maximum Individual 
Dose(c) (rem) 

Health Effects(e) 
Land Area Potentially 

Affected(f) (km2) 
Cropland Potentially 

Affected(g) (km2) 

Mean 
99th 

Percentile(d) 
Mean 

99th 
Percentile(d) 

Mean 
99th 

Percentile(d) 
Mean 

99th 
Percentile(d) 

0: Pre-Launch(h)  Very Unlikely (6.2x10-5) 0.14 2.4 0.20 4.7 7.4 180 0.00076 0.00 

1: Early Launch(h)          

On-Pad Explosion Very Unlikely (3.2x10-5) 0.36 8.1 1.1 21 140 2,200 0.025 0.58 

FSII Extremely Unlikely (8.8x10-7) 1.2 26 7.0 130 660 6,400 0.12 1.7 

Stage 2/SV Very Unlikely (1.6x10-5) 0.39 6.2 1.7 22 260 4,300 0.042 0.85 

SVII Extremely Unlikely (8.8x10-7) 0.19 3.6 0.61 9.4 88 1,400 0.017 0.42 

Low Altitude FTS Unlikely (8.5x10-4) 0.19 2.9 0.47 6.2 73 940 0.013 0.27 

Overall Phase 1 Unlikely (8.9x10-4) 0.21 4.1 0.52 7.1 79 1,200 0.014 0.32 

2: Late Launch Very Unlikely (2.6x10-6) 0.048 1.3 0.017 0.39 25 410 0.010 0.27 

3: Suborbital Very Unlikely (7.3x10-6) 2.4 55 0.32 4.1 76 970 0.0049 0.065 

4: Orbital Very Unlikely (6.6x10-5) 1.6 19 0.14 2.7 5.9 52 0.0058 0.10 

5: Long-term Reentry Very Unlikely (8.5x10-6) 1.0 19 0.068 1.3 4.9 41 0.0048 0.068 

Overall Mission(i) Unlikely (1.0x10-3) 0.31 5.8 0.47 6.8 69 1,000 0.012 0.28 

Source: (SNL 2019) 

Notes:  

Differences in multiplications and summations are due to rounding of results as reported in the 2019 NRA Update. Probability categories (e.g., unlikely, very unlikely) are as defined by NASA. 

(a) The table presents the results for the Atlas V 541 as reported in the 2019 NRA Update.  

(b) Per launch attempt. 

(c) Based on ISCOR-60 modeling of age and organ-specific doses from exposure to plutonium. 

(d) The 99th percentile values would be expected to occur at a probability of about 100 times lower than the mean probability of release. 

(e) Based on ISCOR-60 modeling of health effects based on organ-specific doses from exposure to plutonium. 

(f) Land area contaminated above 0.2 µCi/m2; 1 km2 = 0.386 mi2. 

(g) Cropland area exceeding Food and Drug Administration Derived Intervention Level, which is approximately 7.3 µCi/m2 (per the 2019 NRA Update). 

(h) Accidents during these launch phases are relevant to a region of influence associated with the United States. Accidents during subsequent launch phases would be associated with a region of 
influence considered outside the United States as the ñglobal environmentò because these launch phases occur outside the jurisdiction of the United States. 

(i) Overall mission values weighted by total probability of release for each mission phase. 

Key: µCi/m2 = microcuries per square meter; FSII = full stack intact impact (the entire launch vehicle impacts the ground); ISCOR = Interagency Steering Committee on Radiation; km2 = square 
kilometers; Low or High Altitude FTS = flight termination system (the vehicle is destroyed at low or high altitude and debris impacts the ground); mi2 = square miles; MMRTG = Multi-Mission 
Radioisotope Thermoelectric Generator; NRA = Nuclear Risk Assessment; rem = roentgen equivalent in man; Stage 2/SV = Stage 2 and space vehicle (the intact Stage 2 and the space vehicle 
impact the ground); SVII = space vehicle intact impact (the entire space vehicle impacts the ground). 
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Population Exposures 

In the 2014 FEIS, the average health effects for all launch phases and for the overall 
mission is less than 1. Phase 1 accidents result in an estimated 0.29 mean health 
effects, the largest average health effects of any phase. The average mission health 
effects is 0.076.  

In this SEIS, the average health effects are larger than predicted in the 2014 FEIS, with 
the largest increases associated with the phases with the lowest average health effect 
(e.g., the Phase 1 health effects increased from 0.29 to 0.52). The range of average 
health effects for the mission phases in this SEIS is much smaller than in the 2014 
FEIS, ranging from a low of 0.068 to a high of 0.53 (Phase 1). The largest population 
dose would be associated with a Phase 1 release. The average mission health effects 
was calculated to be 0.47.  

For each of the analyzed Phase 1 accidents in the 2014 FEIS, the mean expected 
health effects was also less than 1. This means that, given that any accident occurs, no 
latent cancer fatalities would be expected. 

As in the 2014 FEIS, the 2019 NRA Update analysis shows that the Low Altitude FTS 
remains the most likely accident scenario, although the probability of this scenario is a 
factor of 10 higher in the 2019 NRA Update than in the 2014 FEIS. The probability for 
this unlikely scenario with a release is 8.5 x 10-4 (or 1 in 1,200). Assuming no mitigation 
actions, such as sheltering and exclusion of people from affected land areas, the 2019 
NRA Update predicts that the radiation dose to the potentially exposed population 
results in less than 1 additional health effect over the long term. The mean estimate for 
this release scenario is 0.47 health effects, slightly higher than what was calculated for 
the 2014 FEIS. 

In the 2019 NRA Update analysis, the mean health effects for the very and extremely 
unlikely accidents in Phase 1 and 2 were much higher (by about a factor of 10) than for 
a Low Altitude FTS accident, which contrasts with the 2014 NRA, where the mean 
health effects for the very and extremely unlikely accidents in Phase 1 and 2 were about 
the same as a Low Altitude FTS accident. Assuming no mitigation actions (e.g., 
sheltering), estimated mean health effects in the 2019 NRA Update range from a low of 
less than 0.2 to a high of 7 (from an FSII accident). The probability of release that 
results in an estimated 7 latent cancer fatalities has a probability of 1 in 1,100,000. 

Impacts of Radiological Releases on the Environment 

The 2019 NRA Update uses the same methodology to assess impacts to the 
environment as the 2014 FEIS, which is described in Section 4.4 of the 2014 FEIS. 
(Models used to implement the methodology were updated after the 2014 FEIS.) 

Potential environmental contamination was evaluated in terms of:  

¶ areas that may potentially exceed various screening levels and dose rateïrelated 
criteria considered in evaluating the need for land cleanup following potential 
radioactive contamination; and  

¶ areas exceeding FDA guidelines for food contamination.  
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These two measures of environmental contamination serve two different purposes. 
Estimates of potential land areas affected are intended to identify areas where 
additional actions may be required to protect the public in the affected ROI. As 
discussed below, areas contaminated below the screening level are assumed not to 
require any cleanup. Any actions to address areas contaminated above this level would 
be determined through an assessment performed in response to an accident. Estimates 
of potential land area affected above the FDA guidelines are intended to identify crops 
for which additional action may need to be taken to protect the public at large. Actions 
required to address potential cropland impacts would also be performed in response to 
an accident. 

The results from the 2014 FEIS and 2019 NRA Update are summarized in Table 3.5-3 
and Table 3.5-4. The  2019 NRA Update shows that the intentional destruction of all the 
vehicle stages (i.e., the most likely type of launch area accident with a release), would 
require further evaluation of an area about 73 km2 (28 mi2) in size to determine the 
extent of land area potentially exceeding 0.2 ɛCi/m2. This value is about a factor of 10 
higher than calculated in the 2014 FEIS. However, this value is not based on a 
regulatory limit and was only included for comparison. The 2019 NRA Update also 
shows that in at least one very unlikely ground impact configuration, an FSII with a total 
estimated probability of 8.8 x 10-7 (1 in 1,100,000), a mean area of 660 km2 (about 
260 mi2) could potentially exceed 0.2 ɛCi/m2 and would thus require additional 
evaluation. While this is about a factor of 50 higher than the value from the 2014 FEIS, 
the probability of this land area being affected is lower than previously estimated. 
Detectable levels below 0.2 ɛCi/m2 would be expected over an even larger area. 

There may be some land areas that would potentially need further action, such as 
monitoring or cleanup.  

The FDA has established DILs (i.e., Derived Intervention Levels) (FDA 1998) designed 
to limit the dose to an individual from consuming contaminated foodstuffs. These DILs 
identify recommended levels of contamination above which individuals consuming the 
contaminated foodstuffs would receive an unacceptable dose. The DIL varies 
depending upon the receptor (the individual consuming the foodstuffs) primarily based 
upon the age of the individual. In the case of plutonium-238, the limiting DIL (i.e., the 
highest allowable concentration) of 7.3 ɛCi/m2 was selected by DOE (SNL 2019). 

For the 2019 NRA Update, DOE performed an analysis to determine the extent of 
cropland that could be affected in excess of this DIL. The results of that analysis show 
that for all phases and for all accidents, the potential area affected above the DIL is 
consistently more than 1,000 times lower than (less than 0.1 percent) the area 
potentially exceeding the 0.2 ɛCi/m2 level, as shown in Table 3.5-3. For example, in 
assessing a Phase 1 accident with Low Altitude FTS (the most probable Phase 1 
accident), DOE calculated that the DIL value of 7.3 ɛCi/m2 would be exceeded in an 
area of 0.013 km2 (0.005 mi2 or about 3.2 acres) (SNL 2019); this area would require 
further evaluation to determine the scope of potential impacts. This is the mean value 
for the cropland area where some mitigation measures could be required to limit the 
public health impact from the consumption of food contaminated by a release from this 
accident. This value is about 0.02 percent of the calculated potentially affected land 
area using the 0.2 µCi/m2 value. 
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3.5.2.2.6 Mission Risks 

Summaries of the mission risks as calculated for the 2014 FEIS and this SEIS are 
presented in Table 3.5-5. As in the 2014 FEIS, ñriskò is defined as the expectation of 
health effects in a statistical sense (i.e., the product of total probability times the mean 
health effects resulting from a release, and then summed over all conditions leading to a 
release). The risk of health effects in the potentially exposed populations is determined 
for each mission phase and the overall mission.  

Table 3.5-5. 2014 FEIS and 2019 NRA Update Summary of MMRTG Mean Health 
Effect Mission Risks 

Mission 
Phase(a) 

2014 FEIS 2019 NRA Update 

Total 
Probability 

of a 
Release(b) 

Mean Health 
Effects 
(given a 
release) 

Mission 
Risks 

Total 
Probability 

of a 
Release(b) 

Mean Health 
Effects 
(given a 
release) 

Mission 
Risks 

0: Pre-
Launch(c) 

Very Unlikely 
(1.1x10-5) 

0.0014 1.5x10-8 Very Unlikely 
(6.2x10-5) 

0.20 1.2x10-5 

1: Early 
Launch(c) 

Very Unlikely 
(8.8x10-5) 

0.29 2.5x10-5 Unlikely 
(8.9x10-4) 

0.52 4.7x10-4 

2: Late 
Launch 

Very Unlikely 
(7.7x10-6) 7.8x10-5 6.0x10-10 Very Unlikely 

(2.6x10-6) 0.017 4.3x10-8 

3: Suborbital Very Unlikely 
(1.5x10-5) 0.20 3.0x10-6 Very Unlikely 

(7.3x10-6) 0.32 2.4x10-6 

4: Orbital Unlikely 
(2.6x10-4) 0.0026 6.8x10-7 Very Unlikely 

(6.6x10-5) 0.14 9.1x10-6 

5: Long-term 
Reentry 

Extremely 
Unlikely 

(9.4x10-8) 
0.0038 3.6x10-10 

Very Unlikely  
(8.5x10-6) 

0.068 5.8x10-7 

Overall 
Mission 

Unlikely 
(3.8x10-4) 0.076 2.9x10-5 Unlikely 

(1.0x10-3) 0.47 4.9x10-4 

Sources: (SNL 2019, NASA 2014) 

Notes:  

Differences in multiplications and summations are due to rounding of results. 

Probability categories (e.g., unlikely, very unlikely) are as defined by NASA.  

(a) For the 2014 FEIS results, this table presents a composite of the results for the Atlas V 551 and the Delta IV Heavy, which were used for 
the 2014 FEIS, determined by taking the probability-weighted value of the two sets of results, treating the conditional probability of having 
a given launch vehicle as 0.5. Accident probabilities are the average of individual values for the two vehicles. Based on the current state 
of knowledge, the specific accident probabilities for the accident conditions for each vehicle are expected to be similar. For the 2019 NRA 
Update, this table presents the results for the Atlas V 541. 

(b) Per launch attempt. 

(c) Accidents during these launch phases are relevant to a region of influence associated with the United States. Accidents during 
subsequent launch phases would be associated with a region of influence considered outside the United States as the ñglobal 
environmentò as well as within the United States because these launch phases occur outside the jurisdiction of the United States. 

Key: FEIS = Final Environmental Impact Statement; MMRTG = Multi-Mission Radioisotope Thermoelectric Generator; NRA = Nuclear Risk 
Assessment. 

Since the health effects resulting from a release equals the sum of the probability of a 
health effect for each individual in the exposed population, risk can also be interpreted 
as the total probability of one health effect, given the mission.  
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The overall radiological risk for the Mars 2020 mission is estimated to be 4.9 x 10-4, 
based on the 2019 NRA Update. Thus, the total probability of one health effect for the 
Proposed Action is about 1 in 2,000, approximately 20 times higher than estimated in 
the 2014 FEIS. The increase in risk is primarily attributable to the increase in the risk of 
Phase 1 accidents. 

The risk contribution from Phase 1 accidents, 4.7 x 10-4 (or a probability of about 1 in 

2,100 that a health effect will occur), represents 96 percent of the radiological risk for 

the Mars 2020 mission, a higher percentage than presented in the 2014 FEIS. The 

primary contributors to the Phase 1 risk in order of significance are 1) Low Altitude FTS, 

2) On-Pad Explosion, and 3) Stage2/SVII. While the absolute value of the risk from 

other phases also increased between the 2014 and 2019 analyses, no other phase 

contributes more than 2 percent to the overall risk. 

The contributions to risk within 100 km (62 mi) of the launch site and in the global area 
are summarized in Table 3.5-6. Due to the increase in the Phase 1 contribution to risk in 
the 2019 NRA Update, the launch area risk is about 67 percent of the overall mission 
risk (compared to the estimate of 57 percent in the 2014 FEIS), while the risk to global 
areas is 33 percent. The launch area risks are due entirely from accidents during 
Phases 0 and 1, with Phase 1 being the primary contributor. The global risks are due to 
accidents in all mission phases, with Phase 1 being the primary contributor due to the 
atmospheric transport of small particles beyond 100 km (62 mi) from the launch site. 

Table 3.5-6. 2014 FEIS and 2019 NRA Update MMRTG Health Effect Mission Risk 
Contributions by Affected Region 

Mission 
Phase(a) 

2014 FEIS 2019 NRA Update 

Launch 
Area 

Mission 
Risk(b) 

Global 
Area 

Mission 
Risk(c) 

Total 

Launch 
Area 

Mission 
Risk(b) 

Global 
Area 

Mission 
Risk(d) 

Total 

0: Pre-Launch 8.9x10-9 5.9x10-9 1.5x10-8 8.3x10-6 3.9x10-6 1.2x10-5 

1: Early Launch 1.7x10-5 8.9x10-6 2.5x10-5 3.2x10-4 1.5x10-4 4.7x10-4 

2: Late Launch ð 6.0x10-10 6.0x10-10 3.0x10-8 1.3x10-8 4.3x10-8 

3: Suborbital ð 3.0x10-6 3.0x10-6 5.0x10-10 2.4x10-6 2.4x10-6 

4: Orbital ð 6.8x10-7 6.8x10-7 ð 9.1x10-6 9.1x10-6 

5: Long-term 
Reentry 

ð 3.6x10-10 3.6x10-10 ð 5.8x10-7 5.8x10-7 

Overall Mission 1.7x10-5 1.3x10-5 2.9x10-5 3.3x10-4 1.6x10-4 4.9x10-4 
Sources: (NASA 2014, SNL 2019)  
Notes: 
Differences in summations may be due to rounding. 
(a) For the 2014 FEIS, this table presents a composite of the results for the Atlas V 551 and the Delta IV Heavy, which were used for the 

2014 FEIS, determined by taking the probability-weighted value of the two sets of results, treating the conditional probability of having a 
given launch vehicle as 0.5. For the 2019 NRA Update, this table presents results for the Atlas V 541. 

(b) Phases 0 and 1: within 100 kilometers (62 miles) of the launch site. 
(c)  Phase 3: southern Africa; Phase 4: land impacts between 29° north and 29° south latitude. 
(d) Phase 3: southern Africa; Phase 4: land impacts between 35° north and 35° south latitude.  
Key: FEIS = Final Environmental Impact Statement; MMRTG = Multi-Mission Radioisotope Thermoelectric Generator; NRA = Nuclear Risk 

Assessment. 
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Individual Risks (Maximum Exposed Individual) 

Individual risk from the Mars 2020 mission can be interpreted as the probability of a 
particular individual in the exposed population incurring a fatal cancer over 50 years. 
For an accident near the launch site, not everyone within the regional area would be 
expected to receive a dose as a result of the accident. Due to meteorological conditions 
prevailing at the time of launch, only a portion of the total regional population is 
estimated to receive some measurable radiological exposure if an accident occurs. 

Even individuals within the exposed population, such as those very close to the launch 

area that might receive the highest exposures, would face very small risks. The risk to 

the maximally exposed individual (Table 3.5-7) is estimated to be less than 1 in 9 million 

for the Mars 2020 mission, based on the results of the 2019 NRA Update compared to 

the less than 1 in 300 million estimate from the 2014 FEIS. Most people in the 

potentially exposed population would have much lower risks. 

Table 3.5-7. MMRTG Maximum Individual Risk 

Mission 
Phase(a) 

2014 FEIS 2020 SEIS 

Release 
Probability(b) 

Maximum 
Individual 

Dose (rem) 

Maximum 
Individual 
Risk(c),(d) 

Release 
Probability(b) 

Maximum 
Individual 

Dose (rem) 

Maximum 
Individual 
Risk(c),(d) 

0: Pre-Launch(e) 
Very Unlikely 

(1.1x10-5) 0.00029 1.9x10-12 Very Unlikely 
(6.2x10-5) 

0.14 5.0x10-9 

1: Early Launch(e) 
Very Unlikely 

(8.8x10-5) 0.060 3.2x10-9 
Unlikely 

(8.9x10-4) 
0.21 1.1x10-7 

2: Late Launch 
Very Unlikely 

(7.7x10-6) 1.6x10-5 7.6x10-14 
Very Unlikely 

(2.6x10-6) 
0.048 7.4x10-11 

3: Suborbital 
Very Unlikely 

(1.5x10-5) 0.043 3.8 x10-10 
Very Unlikely 

(7.3x10-6) 
2.4 1.0 x10-8 

4: Orbital 
Unlikely 

(2.6x10-4) 0.0005 8.5 x10-11 
Very Unlikely 

(6.6x10-5) 
1.6 6.3 x10-8 

5: Long-term 
Reentry 

Extremely 
Unlikely 

(9.4x10-8) 

0.0008 4.5 x10-14 
Very Unlikely  

(8.5x10-6) 
1.0 5.1 x10-9 

Sources: (NASA 2014, SNL 2019)  

Notes:  

Probability categories (e.g., unlikely, very unlikely) are as defined by NASA. 

(a) For the 2014 FEIS, this table presents a composite of the results for the Atlas V 551 and the Delta IV Heavy, which were used for the 2014 
EIS, determined by taking the probability-weighted value of the two sets of results, treating the conditional probability of having a given 
launch vehicle as 0.5. For the 2019 NRA Update, this table presents results for the Atlas V 541. 

(b) Per launch attempt. 

(c) Determined as the product of total probability of release, maximum individual dose (mean value), and a health effects estimator of 6 x 10-4 
latent cancer fatalities per rem. 

(d) The individuals associated with the maximum individual risk in Phases 0 and 1 are assumed to be the same individual, so the two risks are 
additive. The individuals associated with the maximum individual risk in Phases 3, 4, and 5 would not be the same individual due to 
different global regions potentially affected. 

(e) Accidents during these launch phases are relevant to a region of influence associated with the United States. Accidents during subsequent 
launch phases would be associated with a region of influence considered outside the United States as the ñglobal environmentò because 
these launch phases occur outside the jurisdiction of the United States. 

Key: FEIS = Final Environmental Impact Statement; MMRTG = Multi-Mission Radioisotope Thermoelectric Generator; NRA = Nuclear Risk 
Assessment; rem = roentgen equivalent in man; SEIS = Supplemental Environmental Impact Statement. 
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The revised individual risk estimates, based on the 2019 NRA Update, are still small 

compared to other risks. These risk estimates are lifetime risks. Data show that in 2017, 

the average annual individual risk of accidental death in the United States was about 

1 in 1,900 per year, while the average individual risk of death due to any disease, 

including cancer, was about 1 in 150 per year (more detail is presented in Appendix A, 

Health and Safety Supporting Information, of this SEIS). 

3.5.2.2.7 Uncertainty 

An uncertainty analysis to estimate uncertainties in probabilities, source terms, 
radiological consequences, and mission risks has been performed and used in the 2019 
NRA Update. The uncertainty in the risk values is a function of the uncertainty in 
accident probabilities, conditional release probabilities, and the probability of a 
consequence, given a release. Two measures of uncertainty help to describe the 
uncertainty associated with the mission risk estimates. 

The mean values provided in this document are values in a probability distribution and 

are used to express ñbest valueò mission risks. Additional points in the distribution, the 

95th and 5th percentiles, provide information that help to describe the variability in the 

risk estimate.  

Based on experience with analyses in the risk assessment of previous missions (e.g., 

for the Cassini, Mars Exploration Rover, New Horizons, and Mars Science Laboratory 

missions), this uncertainty in the estimated mission risk for the Mars 2020 mission can 

be approximated. The safety and risk analyses for those missions indicate that the 

uncertainty is dominated by the uncertainty associated with the launch vehicle accident 

probabilities. The 5th and 95th percentile accident probabilities are about a factor of 

25 lower and higher, respectively, than the accident median probabilities. 

The Mars 2020 mission health effect risk estimate from the 2019 NRA Update of 

4.9 x 10-4 (or a probability of about 1 in 2,000 that a health effect would occur) can be 

treated as the median of the uncertainty probability distribution (i.e., it is equally 

probable that the mission health effect risk could be higher or lower than this value). 

Applying the factor of 25 from the accident median probabilities, the mission risks at the 

5th and 95th percent confidence levels are then estimated to be 2.0 x 10-5 (or a 

probability of about 1 in 50,000 that a health effect would occur) and 1.2 x 10-2 (or a 

probability of about 1 in 80 that a health effect would occur), respectively. These high 

and low values of this uncertainty range are about an order of magnitude (approximately 

10 times) higher than that identified in the 2014 FEIS.  

Uncertainty limits provide insight into how precisely the accident risks can be estimated. 

While the uncertainty described above deals with the distribution of risk estimates 

associated with an estimated mean, there is also uncertainty associated with the mean 

value itself. The 90 percent uncertainty interval around the mean mission risk (human 

health and land contamination) was calculated. With the 90 percent uncertainty interval, 

most estimates of the mean are believed to lie between two values; the estimate of the 
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mean is less than the lower limit 5 percent of the time, between the two values 90 

percent of the time, and above the upper limit 5 percent of the time.  

For this analysis, these uncertainty limits are based on the mean human health risk 

values of 4.9 x 10-4 with a land contamination risk of 0.072 km2 (0.028 mi2). The lower 

and upper bounds of the 90 percent uncertainty interval for human health mission risk 

are 2.2 x 10-4 (the mean estimate would be below this value 5 percent of the time) and 

1.2 x 10-3 (the mean estimate would be above this value 5 percent of the time), 

respectively. The lower and upper bounds of the 90 percent uncertainty interval for 

mission land contamination risk are 0.032 km2 (0.012 mi2) and 0.18 km2 (0.07 mi2), 

respectively. The uncertainty in the overall mission health effect risk is dominated by the 

uncertainty in the probability of an accident. 

3.5.2.3 Radiological Contingency Response Planning  

NASAôs Radiological Contingency Response Planning would remain similar to what was 

described in the 2014 FEIS. But due to the increase in the area potentially impacted by a 

launch accident, NASA would coordinate with a larger number of county and local 

entities. In addition to Brevard County, NASA would coordinate with appropriate agencies 

in Flagler, Indian River, Lake, Orange, Osceola, Polk, Seminole, and Volusia Counties. 

NASAôs plans would be developed under the NRF (DHS 2016a) and the NRF 

Nuclear/Radiological Incident Annex (DHS 2016b) in coordination with DOE and other 

Federal agencies, the State of Florida, the potentially affected counties, and local 

governmental organizations. The NRF Annex provides the nationwide framework for 

radiological response planning.  

3.6 LAND USE 

This section corresponds to Section 3.1.1 of the 2014 FEIS. It briefly describes KSC 

and CCAFS and nearby surrounding areas but focuses on overall land use and 

management of a larger nine-county area where mission-related impacts could occur. 

This area includes Brevard, Flagler, Indian River, Lake, Orange, Osceola, Polk, 

Seminole, and Volusia Counties.  

3.6.1 Affected Environment 

The 2014 FEIS examined the effects of the Mars 2020 mission on land use in and 

immediately around CCAFS and KSC. Section 3.1.1 of the 2014 FEIS describes the 

land use and administration of these areas. For more information about land use and 

recreation at KSC and the surrounding area, see the KSC Center-wide Operations 

Master Plan Programmatic Final Environmental Impact Statement (NASA 2016).  

Changes to ROI Since 2014 FEIS  

As shown in Figure 3.6-1, CCAFS is located on the east coast of Florida in Brevard 

County on a barrier island called the Canaveral Peninsula. The installation is bounded 

on the west by the Banana River, on the north by KSC, on the east by the Atlantic 
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Ocean, and on the south by Port Canaveral. CCAFS encompasses an area of about 

63.9 km2 (15,800 acres; 24.7 mi2) (NASA 2014). The area is subdivided into various 

mission-related uses. The land is managed by the USAF 45th Space Wing, primarily to 

support the operational mission (NASA 2014). The uses and administration are 

essentially unchanged from the description in the 2014 FEIS.  

Launch operations at CCAFS are arranged along the Atlantic Ocean shoreline, with 

launch and range support immediately adjacent to the west. The area to the west of the 

launch areas is divided by the airfield into southern and northern portions. A port area 

with commercial and industrial uses occupies the southern portion. The northern portion 

has a mixture of industrial, administrative, range support, and recreation areas 

interspersed with open space. There are no public beaches on CCAFS. The Mars 2020 

launch would occur at the north end of CCAFS at site SLC-41 (NASA 2014). 

KSC is located on the east coast of Florida in Brevard County on the north end of Merritt 
Island adjacent to Cape Canaveral. KSC is bordered on the west by the Indian River 
and on the east by the Atlantic Ocean and CCAFS. The northernmost end of the 
Banana River separates Merritt Island and CCAFS and is included as part of KSC 
submerged lands. More detailed description of land use and management on KSC is 
provided in the KSC Center-wide Operations Master Plan Programmatic Final 
Environmental Impact Statement, Section 3.11 (NASA 2016). 

At KSC, a small portion of the land is developed for industrial and operational functions, 
and most of the land is in a natural, undeveloped state. NASA manages the developed 
areas that support its mission. Most of KSC land provides an open space buffer for the 
space mission and includes the Merritt Island National Wildlife Refuge, created by an 
agreement with the U.S. Fish and Wildlife Service (USFWS) in 1972. Public Law 93-626 
designated the Canaveral National Seashore, leading to an agreement with the 
Department of the Interior in 1975 for Canaveral National Seashore land within KSC. 
Public access to much of this land is managed by the USFWS and the National Park 
Service. Visitation fluctuates due to variations in weather and other factors, but hovers 
around 1 million visitors annually to both Merritt Island National Wildlife Refuge and 
Canaveral National Seashore (NASA 2016).  

Land areas immediately surrounding KSC include a seaport, recreation and wildlife 
management areas, agricultural land, and two major municipal areas within 10 miles of 
KSC operational areas: the cities of Titusville and Cape Canaveral (NASA 2016).  

The land area beyond KSC and CCAFS potentially influenced by the Mars 2020 launch 
event includes portions of nine counties: Brevard, Indian River, Osceola, Orange, 
Seminole, and Volusia Counties, and more peripherally, Flagler, Lake, and Polk 
Counties. Figure 3.6-2 presents the generalized land use in this area of interest. The 
nine-county area encompasses almost 23,750 km2 (9,170 mi2). It includes 13 cities and 
census-designated places with populations over 50,000 (see Figure 3.6-2), the largest 
being Orlando in Orange County, with a population of about 270,000. 

This region in east central Florida is a mixture of developed and natural/undeveloped 
land. Broadly speaking, the far eastern coastline includes barrier islands and 
intercoastal waterway with beaches, small communities, industrial activities, 
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conservation areas, and military land (including CCAFS and Patrick AFB). Immediately 
to the west is the mainland shoreline with a combination of developed areas 
interspersed with rural agricultural land and conservation land. To the west of the 
coastal land is a broad north/south band of marshland, upland forests, lakes, and 
wetland with interspersed agriculture and pockets of development. Further west and 
north (of CCAFS and KSC) is a highly developed urbanized band stretching from 
Daytona Beach in Volusia County to Kissimmee in Osceola County.  

The rest of the interior land is a mix of urban, suburban, and rural agricultural land, with 
pockets of forest and marsh. A generalized categorization of the land use in the nine-
county area is presented in Table 3.6-1, urban areas support a range of land 
development for residential, industrial, commercial, industrial, institutional, conservation, 
recreation, and public infrastructure use. The developed footprint in the nine-county 
area is about 17 to 20 percent (Table 3.6-1). 

Table 3.6-1. Generalized Land Use/Land Cover in the Nine-County Region 
Land Use Category(a) Area (square kilometers) Percent of Total 

Agricultural(b) 8,472 36% 

Industrial 177 1% 

Institutional(c) 153 1% 

Mining 791 3% 

Public/Semi-Public(d) 6,550 28% 

Recreation(e) 836 4% 

Residential 3,075 13% 

Retail/Office(f) 398 2% 

Right-of-Way(g) 22 0% 

Vacant Non-Residential 436 2% 

Vacant Residential 1,001 4% 

Water(h) 98 0% 

Undefined(i) 1,460 6% 

Total 23,469 100% 
Source: (FGDC 2018a) 
Notes:  
(a) Land use categories derived from 99 categories in source data.  
(b) Agricultural land includes crops, timberland, grazing land, dairies, and ornamental/floriculture uses. 
(c) Institutional includes schools, private hospitals, clubs, cultural organizations, colleges, and military uses. 
(d) Public and semi-public land includes public hospitals and government-owned lands, such as municipal, county, state, and Federal land 

(most of which is open undeveloped land reserved for conservation, recreation, and other public uses). 
(e) Recreation land includes forest, park, and outdoor recreational areas (non-commercial). 
(f) Retail/office includes mixed use areas, shopping areas, offices, outdoor commercial recreation, services, airports terminals and marinas, 

night clubs, auditoriums, tourist attractions, private camp sites, animal race tracks, hotels, and restaurants. 
(g) Right-of-way is land used for streets, roads, and canals. 
(h) Water includes lakes, rivers, and submerged lands. 
(i) Undefined is composed of land categorized as ñacreage not zoned for agricultureò and ñparcels with no value.ò 

The population in the nine-county area is about 4.6 million (USCB 2017a). The 
population fluctuates somewhat due to the seasonal influx of ñsnowbirds,ò seeking 
warmer winter weather, and the popularity of the region for vacationing year-round. The 
area hosts a high number of visitors and tourists attracted by the vacation opportunities 
along the ocean and abundant businesses catering to outdoor recreation. Large 
numbers of visitors are drawn by major attractions such as Walt Disney World in 
Orlando, numerous other theme parks and resorts, the Monument of States historical 
site near Kissimmee in Osceola County, and Brevard County attractions such as the 
KSC visitor center and cruise terminals at the port (NPS 2014).   
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Figure 3.6-1. General Land Use and Administration at KSC and CCAFS 


















































































































































































































